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Continuing  effort  Is  esa  a rl  isl  to  assort  that 
restarch  on  improved  selection  end  classification 
procedures  keeps  psce  with  Air  Force  require- 
meals.  Toe  bulk  01  pmi  ood  develop 

meat  m this  ares  has  utilised  what  is  technically 
tem«e<l  "correJatioani  analysis/*  This  spprosch 
has  involved  complex  s tali  Stic  si  analyses  of  the 
relationships  among  measures  of  aptitudes, 
abilities,  and  traits,  together  with  a sal yets  r i the 
relationship  of  these  “predictors”  to  measures 
of  individual  performance  in  various  job  ac- 
tivities. 

The  research  described  is  this  report  covers 
development  of  s new  approach,  directing  at- 
tention primarily  toward  establishment  of  dif- 
fere  nets  in  abilities  required  for  various  jobs 
rather  than  predictions  of  *******  ir  specific 
fobs.  This  new  procedure,  utilising  the  multiple 
discriminant  faction,  represents  ss  important 
supplement  to  the  more  traditional  correlational 
auaJyais.  Under  certain  conditions  selection  and 
classification  procedures  based  on  multiple 
discriminant  hi  action  Hialysis  may  yield  more 
definitive  cel  comes  dies  do  procechires  based  on 
correlational  analysis,  ftori  on  application  of 
this  technique  to  Air  Force  problems  is  con- 
tinuing. 

This  report  is  highly  technical,  and  will  be  ol 
interest  primarily  to  research  workers.  It  is  of 
interest  to  note,  however,  that  development  of  the 


multipie  discriminant  function  represents  as 
e&tension  of  s more  limited  techsique,  developed 
in  Great  Britain  by  IL  A.  Fisher,  md  constitutes 
mm  imports*  eoa tribntioa . not  only  in  ;be  field  of 
personnel  selection  and  classification,  but  in  the 
broader  area  of  mathematical  statistics  in 
general.  This  research  bulletin  represents  the 
first  major  publication  of  this  significant  work. 
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APPLICATION  OF  THE  MULTIPLE  DISCRIMINANT  FUNCTION  TO  DATA 
FROM  THE  AIRMAN  CLASSIFICATION  BATTERY1 


INTRODUCTION 

A.  STATOnUAL  TAUWigOia  APPROPRIATE  FOS 
PCUONNEL  SELECTION.  PLACUdKT. 

AJfD  C (AT  AN  CL  ACSUUCH 

Certain  distinctions  among  the  processes  of 
personnel  selection,  placement,  and  guidance 
have  important  i nplicattoas  for  tke  type  of  in- 
formation required  for  each.  Personnel  selection 
involves  the  choice  of  s fixed  camber  of  appli- 
cants for  a fob  from  a pool  of  applicants  which 
gmmlly  exceeds  the  a amber  chose*.  Pareomial 
plncamaat  involves  tha  asaipmsst  of  a fixed 
pool  of  employees  to  several  different  johe  in 
which  the  total  number  of  positions  generally 
equals  the  n umber  of  employees*  Personnel 
evidence  involves  the  consideration  of  job  re- 
quire meets  and  personal  characteristics  wkhin 
s framework  of  employment  expectations,  bat  the 
system  is  not  closed  in  tbe  sense  that  an  avail- 
able job  awaits  the  client  after  toe  guidance  in- 
terview. 

The  hiring  of  s number  of  applicants  for  a 
particular  job  which  is  leas  than  tbe  total  number 
who  apply  as  is  done  in  personnel  selection  re* 
quires  an  estimate  of  the  success  of  each  appli- 
cant nn  the  job.  Alter  ordering  tbe  applicants 
according  to  tbeae  estimates,  those  having  the 
highest  estimates  are  hired.  degression  analy- 
sis is  appropriate  for  defining  tbe  snccess  esti- 
mates for  the  part  icnlm  job.  Of  cotrse,  personnel 
•election  may  be  complicated  by  tbe  necessity 
for  hiring,  or  not  hiring,  each  applicant  as  inter- 
viewed. This  complication  requires  establish- 
ment of  a minimum  estimate  of  aoccesa  for  the 
hiritg  of  any  applicant.  Establishment  of  tbe 
minimum  will  be  influenced  by  tbe  need  for  em- 
ployees sod  estimates  of  tbe  rste  at  which  appli- 
cants of  the  desired  standard  will  apply.  How- 
ever, the  basic  information  required  is  still  sn 


raport  rtprtmli  a coediaMlioa  of  tbe  ceafliu 
report  itthdtud  by  tha  Education*)  Rutirck  Corporation 
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estimate  of  success  on  the  job  for  which  an 
applicant  is  interviewed.  Recession  analysis 
of  previona  data  will  provide  such  an  estimate. 
The  logic  of  the  centour  a: ores,  described  in  tbe 
section  "Interpretation  of  Discriminant  Scores," 
is  also  applicable  to  this  type  of  problem  al- 
though in  this  single-group  case  one  would  be 
unable  to  compote  discriminant  functions  first. 

Personnel  placement  os  Daily  occurs  within  a 
framework  in  which  there  are  die  same  number  of 
men  an  positions.  The  problem  consists  of 
achieving  the  best  fit  between  the  capabilities 
and  interests  of  the  men  snd  the  requirements  of 
the  jobs.  Usually  this  problem  in  approached  as 
one  in  which  success  on  each  job  is  estimated 
for  each  man  and  assignments  are  made  by  t cans 
of  these  estimates.  In  order  to  estimate  snccess, 
i:  ;c  zzzzzzzry  f.o  •'•h t*v*  * differentiation  of 
performance  with?*  each  job  and  from  previous 
groups  to  learn  how  to  estimate  this  different!* 
Tin*  knowledge  has  generally  been  learn- 
ed from  regression  analyses.  Some  evidence  for 
discontent  with  this  method  may  be  fonnd  in  the 
amount  of  study  which  has  Sein  given  to  the 
effect  oq  correlation  coefficients  obtained  in 
such  analyses  of  previous  selection  of  men.  Be- 
sides the  lop^tfi  difficulty  cf  expressing  suc- 
cess in  each  job  on  s common  scale  as  is  re- 
quired for  reasoning  with  estimated  success  in 
severs)  jobs,  use  of  the  results  of  regression 
analyses  for  personnel  placement  has  the  diffi- 
culty of  continually  focusing  attention  on  differ- 
entiation within  jobs  and  completely  overlooking 
possible  differentiation  among  jobs . * 

For  some  years  the  prevailing  purpose  of  per- 
sonnel guidtnee  has  been  to  understand  both  job 
requirements  ar.d  individual  characteristics  and 
to  recommend  occupations  for  which  individuals 
possess  the  requisite  aiilities.  These  princi- 
ples are  also  appropriate  for  personnel  place- 
ment. tie  may  think  of  our  pool  of  hired  men  as 
possessing  different  abilities  and  of  the  jobs 

2^i  • point  i*  anplilitJ  to  Appoadit  A a)  lK«  cowpUu 
contractor**  r*port  on  thi*  project  ( 10,pp. 1 7S-200).  U U* 
r*w*lt»der  o4  iht*  coadtiHUoa  .»«  «^ov«  will  U r •» 
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which  most  be  filled  as  requiring  different  shili- 
tiee.  Personae!  piece  meet  involves  e matching 
of  borne  a tel  sole  eed  job  requirement*  m u to 
maximise  satisfaction  with  tbe  total  assignment. 
The  aetiefectioo  of  both  tie  men  eed  tbe  £<*•»»- 
totioe  with  tbe  assignment  may  be  taken  into 
account  in  tbe  process* 

Tbs  result  of  personnel  placement  is  tbe  at* 
tsebnrst  of  s job  label  to  each  men*  If  s somber 
of  cbar  set  eristics  of  tbe  men  were  observed 
prior  to  tbeir  job  assignment,  one  mey  study  how 
tbe  personae  1 piecemeal  officer  combined  this 
information  in  making  hia  assignments.  For  this 
type  of  etody  multiple  discriminant  analysis  is 
highly  appropriate.  Multiple  discriminant  analy- 
sis will  provide  e a ti  mate  a of  the  number  of  ways 
in  which  tbe* placement  officer  judged  that  tbe 
jobs  with  which  he  waa  working  varied,  tbe 
meaner  is  which  he  coobised  information  from 
hia  original  observations  to  produce  this  van- 
mtWsm-  aad  the  amoant  of  ssparatios  of  jobs  which 
waa  achieved  by  him.  Definition  of  the  piece- 
meat  officer’s  concept  of  job  requirements  by 
multiple  discriminant  analysts  permits  accurate 
comm  on  i cation  in  case  it  is  desired  to  reproduce 
this  concept. 

MdtipU  discriminant  analysis  is  a general 
technique  for  obtaining  group  contrasts  in  terms 
of  a set  of  p variates*  It  is  not  limited  to  s situ- 
ation whore  tbe  poups  ere  defined  as  arbitrarily 
as  they  might  be  by  s placement  officer,  it 
farther  criteria  than  the  placement  officer’s  jodg- 
•rsrl  were  introduced  into  definition  of  the 
poops,  multiple  discriminant  analysis  would  be 
tbe  roost  appropriate  technique  far  determining  if 
the  poups  were  differentiated  by  all  n variates 
Multiple  repression  analysis  ignores  all  inform- 
ation the  data  furnish  shout  the  regions  of  the 
discs'  ec copied  by  tb«  several  poups. 

Personnel  placement  and  personnel  guidance 
are  quite  similar  procaaaea  especially  if  the 
philosophy  of  personnel  placement  is  oriented 
towards  joint  satisfaction  of  the  individual  and 
the  inrtitutioo*  However,  guidance  usually  oper- 
ates in  a framework  in  which  the  availability  of 
specific  jobs  is  either  unknown  or  only  crudely 
estimated  Nevertheless,  the  same  information 
is  needed  for  personnel  guidance  as  for  person- 
**1  placement,  i.e..  information  concerning  tbe 
multivariate  distributions  of  abilities  of  s large 
lumber  of  occupational  poops.  Multivariate  dis- 
criminant analysis  will  provide  an  efficient 


summarisation  of  these  multi-dimensional  dis- 
tributions. Multiple  regression  analysis  docs 
not  do  this  because  occupations  are  not  con- 
trasted in  re  peas  ion  analysis;  all  the  repeseion 
analysis  achieves  is  withia-poup  differentiation. 
Of  coarse,  when  only  successful  men  in  s giver 
occupation  are  studied,  discriminant  analysis 
achieves  only  emong-poupe  differentiation  hut 
it  is  this  type  of  different  is  t ion  which  is  very 
much  desired  in  placement  and  guidance  work. 

a CAREER  GUIDANCE  IN  1HE  AW  TORCE 

After  World  War  li  the  A*r  Force  inaugurated  a 
program  of  career  guidance  of  basic  airmen  prior 
to  easigamsnt  at  the  end  of  indoctrination  train- 
ing. At  present,  an  airman’s  assignment  i# 
based  in  large  part  upr*  his  aptitude  index 
scores  derived  from  the  Airman  Classification 
Battery. 

Tbe  Airman  Classification  Battery  AC— IB3 
is  baaed  upon  the  assumptions  tom  uacic 
a number  of  human  aptitudes  and  that  each  job  or 
group  of  jobs  requires  a definite  patterning  of 
ibese  measured  apt:**:Jca.  The  •rtiiii'd*  indexes 
of  the  battery  resulted  from  the  research  studies 
done  on  approximately  100,000  airmen  during 
years  194?  sod  1948,  For  practical  • w m»d 
comparability,  the  **derts  were  converted  to  a 
normalised  nise-point  scale  (ranging  from  a low 
ui  vm  U £ high  ci  sice  points).  Each  aptitude 
index  is  a composite  scare  derived  from  s combi- 
nation of  wei^ited  tests  and  Biopaphicel  In- 
ventory scores,  each  of  which  has  proven  to  be 
predictive  of  success  in  training  for,  or  pro- 
ficiency in,  tbe  Air  Force  specialties  (MOS’S, 
SSN*S)  »n  one*  c*  more  than  one,  of  the  eight 
aptitude  clusters  ex  job  families 

Tbe  eight  aptitude  clusters  corresponding  to 
tbe  jab  family  career  fields  are; 

1.  Technician  Specialty 

2.  Mechanics) 

3.  Clerical 

A.  Equipment  Operator 

5.  Hadio  Operator 

6.  Services 

7.  Crafts 

8.  Electronics  Technician 

^7V-  Ir+m  of  iba  Atrmoa  Qorotlic  olloo  Battery 

b«cMt  o^wKlMd  C Doc  49,  folio* *i»f  two  earlier  I or  me: 
(1)  tbe  preliminary  oad  •usinMlil  fern  of  tbe  bettery 
•dwiai  m woo  prior  to  15  Nor  40;  (2)  ouorauonol  form  (AC*  I A) 
wbkh  wm  in  »«•  IS  Nor  40  through  S Dae  49  (5). 
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It  should  be  emphasised  that  tbe  Airman 
Q ms  ilka  lion  Bat'ery  was  experimentally  tried 
oat  and  evaluated  for  two  year a before  it  was 
need  operationally  in  the  clean  It  (cation  and 
tMigomot  of  atnaam.  Follow-up  studies  ere 
made  roatiaaly  oa  all  airmen  assigsed  to  teckai- 
cal  schools  aod  the  Airman  Claaaif teat  ion  Bat- 
tery baa  be* a,  and  will  continue  to  be  „ revised 
and  improved  oa  the  baaia  of  these  follow-up 
studies# 

Aptitude  indexea  for  each  airaMB  are  furnished 
the  Indoctrination  Bing  counselor*  and  assigs- 
meat  official*  who  are  trained*  mature  men  with 
wide  occupational  experience  and  information. 
The  tenting  record  card  a are  aent  to  the  counse- 
lors in  advance  of  the  interviews  with  airmen. 
In  an  interview  the  internets,  leisure  activities, 
occupational  experience,  and  edacatiooal  back- 
pound  of  the  airman  are  considerations  in  making 
re  Co  state  ndst  toss  for  aaaignnent*  Tlte  Air  Force 

Wimm  mb  ur*«J  In  ntilim  I mi  JVtd  t>» 

**’  '•  — u ^ 

ala  to  the  capacity  of  ♦ Vir  and  inter* 

eats,  within  the  limits  of  Air  Farr*  needs.  There 
are  309  SSN’S  aod  MOS’S  listed  specifically 
under  the  eight  aptitode  clusters  and  airman 
career  fields  (s,  pp.  229—237).  The  counselors 
•id  the  airmen  in  deciding  upon  three  career 
choices.  The  first  two  are  specific  career  fields 
in  an  aptitude  cl  aster  for  which  an  airman  has 
shown  qualification  sod  tnteresL  TV  third  is 
the  airman's  secondary  aptitude  cluster  sod  the 
career  field  is  not  specified.  Of  the  beaic  air- 
men who  attain  at  least  one  aptitude  iodet.  of  5 
or  higher#  75  p<r  cent  to  90  per  cent  */e  • €Gi  lu 
technical  schools  after  basic  training.  In  1949 
trom  x:  per  cent  to  v*./  per  cent  o*  tite  men  «%»#» 
whom  data  were  available!  who  were  aent  to  tech- 
nical aciic-ols  received  assignments  which  were 
tlie  first  recommendation  of  the  career  guidance 
counselors  (5,  pp.  79h  The  variations  in  per* 
centages  depend,  in  a large  part,  upon  priority 
of  the  Air  Force  *equiremeni»  and  the  need* 
which  arise  for  men  to  fill  certain  quotas.  Also, 
rigid  physical  quo lifi cations  result  in  assign- 
ment of  some  airmen  otherwise  qualified  to  a 
second  or  third  recommended  career  field.  Ad- 
ditional research  is  in  progress  to  determine  the 
effectiveness  of  the  career  guidance  interviews. 

Rtzsriltss  C?  * V Air  nrnpram 

p " ■ » ^ 

is  a placement  or  guidance  one,  the  data  on 
which  it  proceeds  have  been  accumulated  mainly 
by  means  of  regression  analysis.  Little  atten- 
tion has  been  given  to  determining  if  successful 


specialists  b the  maay  Air  Force  specialties 
occupy  different  regions  of  the  17-dimenstonal- 
Airma  d»Q  ass  if  icatioo- Bette ry-iqrcce.  Since  this 
question  is  of  vital  concurs  for  either  place- 
meet  or  guidance,  the  multiple  discriminant 
function  technique  has  bean  applied  to  the  Air- 
man Oasaificattoo  Battery  scores  of  airmen  who 
have  completed  study  in  some  one  of  eight  spe- 
cialties satisfactorily.  The  technique  is  de- 
scribed in  the  coaaplete  report  (10,  pp.  32-128) 
in  detail  sufficient  to  permit  independent  con- 
tinuation of  this  type  of  rese^rk. 

tests  and  airmen  studied 

Discriminant  analysis,  like  other  mnirivariate 
analysis  techniques,  requires  a score  oa  each 
variate  for  each  airman.  Since  personnel  re- 
strictions prior  to  IS  November  1948  had  pre- 
vented collection  of  complete  information  on 

— -y  V-***  »t  w«b  dartdad  that  onlv 

data  obtained  since  this  date  would  be  analyzed. 

A.  THE  TESTS 

After  15  November  1948,  basic  airmen  were 
given  Airman  Classification  Battery  AC— 1 upon 
indue  lion-  The  battery  is  administered  sad 
scared  by  we II -trained  and  well-stpervised  per- 
sonnel in  u manner  described  iu  ft  'search  Bulle- 
tin SO—  3 of  the  Air  Training  Corsnand’s  Unman 
Resources  Research  Center  (S,  pp.  8-9).  Scores 
on  these  testa  are  converted  to  stanines  and 
aptitude  indexes.  These  scores  me  then  for- 
warded to  the  classification  and  assignment  iei- 
t»v>n  ior  use  in  career  counseling  interviews. 


I be  following  17  stanine  scores  were  ana- 


lyzed  in 
ERC 

o>  a# 

thia  study: 

ISAE 

Q»  4* 

T««t  Nart 

BC601B 

BUrs^cal  Utettorr 

1 

Qancd  Kry 

2 

MftkaiCftl  k wy 

3 

Graft#  key 

4 

Opr. bio* 

5 

Ka&o  (y«ritor  k r» 

6 

BI602A 

Word  kao*rl«4f« 

7 

B1201B 

AnU««uc  HtitoeiBi 

8 

BP622A^:ia 

Did  ad  T«Uf 

9 

U702B 

Nu»«ncftl  Oyer  bug  re  tl 

10 

BU01B 

AriibM  laformau^o 

u 

WI02B 

B#ct|IMoJ  (nr  C&tTfCt 
.Affair# 

12 

B1901H 

Utiinctl  loformatsoo 

13 

BI903B 

Mrcbaaicd  Pnocip.aa 

14 

BlOOlB 

Caarrtl  Mtrhaair# 

IS 

019040 

iv»i  r«icuoo« 

16 

CP610A 

5ft*  J of  U«ou6caiio  = 

17 

B1S10A 

M#«»rv  for  L MJan* 
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Sequence  cf  the  CRC  code  was  determined  by 
the  order  in  which  scores  were  punched  in  the 
IBM  cards*  Scores  for  the  Instructor  key  of  the 
Biojpaphical  Inventory  were  not  included  in  the 
analysis* 

Airmen  without  a score  on  one  or  more  of 
these  17  vsristes  were  excluded  from  the  ana- 
lysis. 

a THE  AIRMEN 

1.  Selection  of  Airmen  for  Study 

After  career  counseling,  airmen  who  qualified 
were  shipped  to  s technical  training  school  (S, 
p*  9). 

Choices  the  airmen  expressed  during  the  c<*» 
reer  counseling  interview  determined  school 
assignment  within  restrictions  of  aptitude  in- 
dexes, qootas,  and  personnel  supply* 

Those  airmen  who  completed  one  of  eight 
U'uiici I school*  with  so  average  grade  ct  2.5  or 
better  were  included  in  the  analysis^  Airmen 
who  met  this  criterion  were  judged  to  be  suc- 
cessful specialists  and  to  constitute  a homo- 
geneous gyoup  for  study. 

In  this  pilot  investiprtios  the  number  of  spec- 
ialties was  limited  to  eight.  Selection  of  the 
eight  specialties  by  Dr.  Jobs  T.  Bailey,  rap- 
ftstsUag  ias  fiism  Resources  Research  Cas- 
ter, and  Dr.  Phillip  J.  Ruion,  representing  the 
Educational  Research  Corporation  was  based 
on  two  criteria:  (a)  the  interest,  importance,  or 

critical  ness  of  the  specialty  involved,  end  (b) 
the  number  of  cases  available  fur  analysis. 

Z Special  be  9 Studied 

The  technical  specialties  selected  for  study 
together  with  a statement  of  the  number  of  ca- 
reer guidance  cases  with  technical  school  re- 
sults available  on  I July  1950  were  as  follows: 


me. 

Cods4 

USAF 
Cmiio 
N— bw 

Ttcbictl 

School 

Now  bo?  o f 
Cut. 
Avail  abla 

Hiobsr  of 
C— oo  , 

Aoolr*sd5 

A 

76601 

RO 

42V 

334 

B 

40500 

G-T 

2124 

1966 

(Coottauod) 


i_  , , * « . . , | 4 .«  . I * 

iZm  - m-m  ilm  -F  ***-  *'•**••  * -■ 

c • Ipt  of  card*  m Conbrldgo,  Mooo. 

SAil  cafi)i  *«r«  set  trtuiiln«4»  tad  tifpM  *US  aiialnc 

!«:•  or  twai*  grads  of  2*4  or  |«m  war#  slluinatsd. 


C 

55200 

CTO 

6«a 

620 

D 

60000 

AMFM 

2354 

20.4° 

S, 

7S401 

tm 

667 

514 

r 

71400 

VO 

371 

266 

c 

JJS00 

ASMV 

365 

22 Z 

ii 

77101 

RoM 

JSL 

99 

Total 

700$ 

0lU66 

tin  «hlch  RO  lo  R odto  up  stator.  CT  lo  Clort-Trpto4.  CTO 

i%  Control  Trrwm  Oporolor,  Alii  lo  Aircraft  Molotoaooca 
FtMuniuU  (ATC)  MoehoaJc,  IM  lo  Radio  Moc basic, 
VO  lo  Voothor  Ohoorror,  A SUV  la  Airpl—o  5 bool  Mold 
Varkor,  od  RoM  la  Rada?  Mock— 

The  importance  of  the  radar  mechanic  special- 
ty justifies  its  inclusion  despite  the  small  num- 
ber of  esses  available. 

DISCRIMINATION  AMONG  EIGHT  SPECIALTIES 
BY  MEANS  OF  THE  AIRMAN 
CLASSIFICATION  BATTERY 

A.  COMPUTATION  OF  01  SCI  MN  A NT  FUNCTIONS 

A general  description  of  the  application  of  the 
multiple  discriminant  function,  including  illus- 
trative material,  is  presented  as  Appendix  A to 
this  report.  A less  technical  description  of 
application  of  the  multiple  discriminant  function, 
representing  a presentation  made  hy  Dr.  P,  J. 
Ruion  to  a research  planning  conference  (•),  is 
included  as  Appendix  b.  The  present  section 
denis  with  the  application  of  the  multiple  dis- 
criminant function  to  data  yielded  by  the  Arman 
Classification  Battery. 

Corap utatio as  leading  to  the  derivation  of  the 
characteristic  equation  ter  the  eight-group, 
we ve ole eu- variate  Air  Force  problem  are  given 
in  the  complete  report  in  Appendix  B and  in 
Chapter  4 Tables  4.1  through  4.14  (10). 

The  characteristic  equation  is: 

t 

A7  - 0.982  547  262  A6  ♦ 0.186  697  242  As 

- 0.010  860  916  A4  ♦ 0.000  194  412  A3 

- 0.000  001  288  A2  ♦ 0.000  000  003A  -0-0. 

The  absence  of  a constant  term  in  the  charac- 
teristic equation  indicates  that  one  of  the  roots 

Cl  Altar  tbo  nalytii  wm  cospUld  tba  IBM  tukcpnUtclor 
diacovwad  Ua  a dyplicata  card  bad  booo  cWTtod  through 
th«  itaiiyai*-  Thi.  ••  iwc i**ds & Uf«  ua  lb.  .lady 

is  vos  .set  i os  sotttisu  utscrtaunaiioQ  Am— g 
Light  Sp« iaittos  by  Ms  as  a of  lbs  Aimu  Q— oiifcotloo 
Battery’*  but  stciudsd  la  tbo  stadias  ropartod  ia  too  osetiaao 
soli  Usd  "Dlacriuiaaa l Scot—  for  Each  A trow  • **  so  J 
"laisrprslat  Joe  of  DLcrlmloaat  Scots c, ## 
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is  A • 0.  Thus,  the  discriminsnt  space  bss  no 
more  than  six  dimensions  sod  the  characteristic 
equation  ms y be  reduced  to  tbe  following  sixth* 
depute  equation 

A6  - 0.982  547  262  A5  > 0.186  697  242  A4 

- 0.010  860  916  A3  ♦ 0.000  191  412  A* 

- 0.000  001  288  A1  +■  0.000  000  003  - 0. 

Hoots  of  this  equation  were  found  by  synthetic 

division,  s procedure  described  in  Appendix  C 
of  the  complete  report  ( 10X* 

The  trial  divisors  and  correction  factors  used 
ia  the  synthetic  division  process  are  recorded 
in  Table  4.14  of  the  complete  report  (10).* 
The  lest  two  roots  were  obtained  by  solution  of 
tbe  general  qua<featic  equation.  In  thia  solution 
the  radical  term  proved  to  be  V WT* 

which  was  judged  to  be  xero  within  the  accuracy 
of  these  comp  at  at  ions.  The  roots  were: 



1 0.7 S3  434  410 

2 0.142  165  M9 

3 0.062  306  063 

4 0.013  bi8  307 

5 0.00S  497  623 

6 (X  005  497 

7 0 

Latent  roots  define  the  ratio  of  among-groups 
to  within-^oups  anma  of  squarea.  Uus  they 
indicate,  for  each  of  the  possible  linear  combi- 
nations of  the  original  variates,  the  magnitude 
of  ni  the  stood  cemroida  rotative  L>  ■ 

pooled  estimate  of  the  dispersion  of  the  indi- 
vidual values  about  the  fyoop  means,  i he  root 
which  has  been  labelled  “1,”  ia  5 times  as 
large  as  Number  2,  12  tiroes  as  large  as  Number 
3,  58  time*  as  large  as  Number  4,  and  151  times 
as  large  as  Numbers  5 and  6*  In  addition  root 
Number  2 is  twice  as  large  aa  Nozrber  3,  11 
times  aa  large  aa  Number  4,  and  28  times  as 
large  aa  Numbers  5 and  6»  1 he  re  fore,  a con* 

side  ruble  amount  of  information  concerning  sepa- 
ration of  the  1 7-dirneos  ional  centroids  for  tbe 
eight  specialties  is  described  by  the  latent  vec- 
tor associated  with  root  Number  1.  Moch  leas 
information  is  described  by  the  latent  vector 

’ Per •o« • l»ur«al*d  ti  s ^it«ll*4  of  Ota 

Multiple  dltai^iiiMt  utlfila  procodi*'*  obouid,  of  cotree, 
refer  to  the  complete  report  m prepared  hr  the  cootrcclor 
(V),  in  which  Appesdix  A of  Lhle  report  wee  preeested  la 
Cbepter  2. 


associated  with  root  Number  2 and  the  amount 
of  information  described  L>*  the  latent  vectors 
associated  with  the  remaining  five  r^ota  is  negli- 
gible. Reference  to  Appendix  C,  Figure  5*9 
will  rake  thia  fact  more  apparent.  The  sepa- 
ration of  ^oup  distributions  depicted  there  ia 
the  beat  which  con  be  achieved  by  any  pair  ot 
linear  combinations  of  these  17  variates.  Dis- 
criminant fnnetioas  associated  with  roots  3,  4,  5, 
and  6 will  give  even  leas  separation  of  group 
centroids  and  sweater  overlap  of  discriminant 
scores  of  the  airmen. 

These  coo  si  derations  when  combined  with  the 
rapid  loss  of  significant  digits  which  occurred 
when  the  roots  were  raised  to  tbe  sixth  power 
in  the  L matrix  a*d  when  L was  premaltiplied  by 
B-y,  led  to  abandonment  of  the  last  four  vectors, 
leaving  only  tbe  first  two.  Tbas  it  was  judged 
that  practically  all  the  information  concerning 
separation  of  the  eight  17-dime  ns  iooa  I centroids 

-r**M  kw  m iwiwlinMnaioMl  space. 

B COMPUTATION  OF  LATENT  VECTORS 

The  computation  of  the  latent  ve«.»ofa  assov  i- 
sled  with  each  of  these  two  latest  roots  sad  the 
Ira  information  of  tbe  vectors  back  to  tbe  origi- 
nal apace  is  presented  ia  Tables  4. 13  through 
4.16  of  the  original  report  (10,  pp.  115—119). 
The  unconventional  12  ed  discriminant  coef 

ficien&s  are  given  ia  Table  1 of  tbe  present  re- 
port. 


TAbLL  i 

UATHIX  V (liNCONVENTIONALlZEm 


1 

2 

1. 

0.397736914 

-O.OI2659721 

2. 

*0.267286761 

0.003S57779 

3. 

*0.026047036 

•0.01GJ/J669 

a 

*0.036040310 

*0.009731979 

5 

*0.004463612 

o.043a:oio 

6. 

0.100139971 

0.000400766 

• . 

0.006726127 

0.005163018 

A. 

0.01322 07 *4 

0.0113  1 2338 

9. 

0.105039S79 

0.010214S5 1 

10. 

-0.109646867 

0.007215577 

11. 

0009363911 

-0. 00044^  36  2 

12. 

•0.129696068 

0.027694922 

13. 

-0  034290726 

-0.003969380 

14. 

•0.042144618 

*0.004655050 

1$. 

-0.072914445 

-O.viiOJ* *0* 

16. 

-0.009517240 

0.001949307 

17. 

-0-O2409Q0?i 

0.01490 7050 

Sum 

-O.I54749644 

0.071455736 

Cfcvck 

-0.154749644 

0.07 1455738 
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Each  elemeat  of  a columa  of  Matrix  V fen- 
convent  io  os  Hied)  la  divided  by  tbe  largest  e le- 
ase at  io  tbe  colons*  Tbe  reemlta  of  convention- 
alizing Matrix  V ia  tbia  Banner  are  given  io 
lable  2.  Conventionalization  cbaogea  tie  ur.ita 
of  tneastremt  nt,  of  course,  bat  baa  oo  effect  oo 


TADLE 2 


MATRIX  V (CONVENTIONALIZED) 


l 

2 

1 

1 .ooooooooo 

•0.291115048 

J. 

•0.722300978 

0.081812484 

1 

-0.078541745 

-0.238551143 

4. 

-0.090613440 

-0.223790484 

S. 

•0.01 1524910 

1.000000000 

8. 

0.251774395 

0. 009215744 

7, 

X 021934930 

0. 1 18728523 

8. 

0.033239922 

O.2*0t3t428 

9. 

0. 244093H  t 

0 284887407 

10. 

-0.274 1847 92 

0.148924882 

11. 

0.023841977 

-0.00978135* 

12. 

| 173113811 

0. 44 1 484 124 

13. 

-0.004214893 

-0.091 277 58f 

14. 

-0. 131108804 

-<5107044409 

18. 

-0.023928480 

(5044328041 

17. 

•0.042091539 

Q*HfT?IlI0 

Sm 

-<5389078891 

l.otmilK 

Otcl 

-0.389075890 

i.uimm 

separation  of  group*  ia  fesnaa  of  tbe  modified 
aaita  which  ia  tbe  oely  coacera  io  discriminant 
analysis* 

To  teat  tbe  vector*  against  tbeir  analytic  defi- 
nition, it  was  sec  senary  to  console  AV,  WV,aod 
WVA  to  aee  that  AV  ■ WVA.  A ia  a diagcaal 
natrix  with  A:  (j  - l,2,...,r)  na  tbe  diagonal 


*!•« 


J. 


up!c  ic  r v pvM 


/ ia\ 

» «w#» 


A \t  W\t 
t\  » »«  » ( 


^ !s  tic 

and  WV  A are  given  in  Tablea  4.21,  4.22,  and 
1.23,  mpcctrvrlj,  Substantial  a^eeoie&i  bat 
little  ideoticality  waa  obaerved  io  tbia  ebeclu 
Despite  tbia  lack  of  ideafticelityf  tbe  cbeeke 
were  judged  satisfactory.  Tbia  loan  of  signifi- 
cant digits  in  discriminant  analysis  will  be  dis- 
cussed io  Subsection  C,  below. 

As  so  additional  check,  V 'A V and  V 'WV  should 
be  compelled  to  test  tbe  vanishing  of  off-diagonal 
terms.  These  results  are  given  in  Tablea  4.24 
and  4.25,  respectively,  io  tbe  complete  report 
(10).  Io  both  icslances  tbe  off-diagonal  terms 
were  small  relative  to  the  diagonal  terms. 

Finally,  tbe  latent  roots  were  lasted  by  taking 
the  quotients  of  corresponding  diagonal  ele- 
ments of  V 'AV  and  V 'TV.  These  results  were: 


Qootirat  of  Corresponding 
INogonsJ  Otwrali 

.753  434  401 
.142  193  472 


I .si oil  Root 
.753  434  410 

.142  185  848 


C.  „IGNIF!CAKr  DIGITS  IN  COMPUTATION 

Tbe  discriminant  analysis  method  used  Here, 
like  all  methods  of  numerical  analysis,  is  fraught 
with  problems  of  significant  digits.  The  causes 
of  these  problems  are  machine  capacity,  fixed 
decimals,  and  limited  patience. 

The  Merchant  Automatic  Calculating  Machine 
used  for  these  computations  waa  a ten- bank  ma- 
chine with  tea-digit  quotient  capacity.  Thus, 
the  maximum  accuracy  of  quotients  waa  United 
to  ten  digits  ualeaa  quotients  were  obtained  io 
parts,  a procedure  which  overtaxed  tbe  patience 
of  the  project  staff  when  it  contemplated  the 
number  of  quotients  involved.  Tbe  process  of 
multiplication  oo  this  nmchioe  also  baa  a ten- 
digit  capacity  lor  multipliers  sad  multiplicands 
unless  multiplication  ia  dose  by  parts,  a pro- 
edure  which  waa  not  used  because  of  tbe  vol- 
ume of  product  accumulation  required  by  the 
method  of  airlvmtA.  TVaw for» 
number  of  significant  digits  considered  usable 
was  ten. 

Considerable  advantage  in  time,  aeetracy, 
and  peace  of  mind  io  machine  computation  is 
r.'hieved  by  working  about  a fixed  decimal. 
These  cor»**deratio«s  led  to  tbe  use  of  a fixed 
decimal  so  loag  as  serious  loss  of  significant 
digits  did  sot  occcr. 

Tbe  number  of  decimals  carried  in  Ibc  elerre  a to 
of  A wms  determined  by  tbe  largest  of  tbe  pro- 
ducts of  the  asms  divided  by  tbe  number  of 
easea.  It  waa  foasd  that  a max i mum  of  four 
COmli  U Ctffirti.  TTais  choice  resulted 
io  tbe  elements  of  A having  from  six  to  eight 
signifies;*  digits.  Similar  r u&aidervltoa*  lei 
to  recording  wjj  elements  to  four  decimals  also. 

Tbe  number  of  significant  digits  in  W ranged 
from  seven  to  nine.  Since  ibe  elements  of  A and 
W are  involved  \n  ’^duplication  and  division 
processes  in  tbe  computation  of  other  matrices, 
it  is  likely  that  tbe  number  of  significant  digits 
io  tbe  final  Matrix  V sad  tbe  check  matrices  ia 

uia  iLss  SU  a&U  QB)'  OS  fti  iOW  «S  iutf 

or  five. 

Ibe  problem  of  significant  digits  is  discussed 
in  considerable  detail  on  page  127  of  the  com- 
plete report  ( 10). 

||  l * «nrjir#n  1 |KmI  nftne  *ll»nlinn  mn*l  he 

. i 

given  to  this  problem  a*  discriminant  analysis 
progresses.  W»tb  this  attention,  however,  con- 
siderable agreement  between  original  and  re- 
produced numbers  will  be  observed.  For  these 
data  it  is  thought  that  the  discriminant  function 
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coefficients  have  no  less  than  lour- digit  accur- 
acy and  this  is  as  touch  sccu.acy  as  is  required 
for  the  methods  o'  interpretation  which  are 
IiLtiIj  sc  be  used. 

DISCRIMINANT  SCOHFS  FOR  FACH  AIRMAN 

A.  RETORTING  Rl^t'ETS  UK  DlNCimtlNAM 
ANALYSIS 

I he  aim  of  discriminant  analysis  is  to  define 
the  smallest  space  in  which  information  con- 
cerning separation  of  group  centroids  may  L* 
described.  The  analysis  described  in  the  last 
section  indicated  that,  for  all  practical  pur- 
poses, information  concerning  separation  in  the 
Airmac-C!assific«iiuu-llattery  spsjc  of  the 
eight  Air  Farce  specialties  studied  is  contained 
in  two-space.  The  problem  of  determining  the 
group-! ike ne so  of  individual  airmen  remains, 
however, 

in  guidance  studies  such  as  ibis  one  it  is  uni- 
versally found  that  the  various  individuals  in 
eachgyoup  fall  at  various  poinM  in  the  space  of 
the  original  variates.  1 his  suggests  immediately 
the  utility,  far  guidance,  ihe  concept  of  prob- 
ability of  a point's  being  drown  from  s particular 
distribution.  However,  the  use  of  this  concept 
to  the  discriminant  space  requires  knowledge  of 
the  form  of  distribution  of  discriminant  scores. 
Study  of  this  problem  was  initiated  by  computing 
both  discriminant  scores  for  each  airman. 

R.  COMPUTATION  OF  DISCRIMINANT  SCORES 

rnm  r*  • • mti  am 

• MM  AMISimi 

Discriminant  scores  far  each  o irmsn  were  com- 
puted  by  IBM  machines.  Three  cards  were  re- 
produced for  each  airman.  The  cards  contained 
service  number,  the  17  alanine  scores,  selected 
four-digit  discriminant  function  coefficients 
(taxen  from  Tabic  2 and  multiplied  by  1000), 
sod  a code  indicating  whether  the  accumulated 
products  were  positive  or  negative.  Two  runs  of 

sa^K  /las/*  L rJt  fkn  rafflti  ikrAttirk  I k#  A \ fat  If  i* 

plying  Punch  gave  partial  sums  of  the  product* 
of  alanine  scores  and  appropriate  discriminant 
function  coefficients.  After  collation  the  (hrec 
partial  sums  of  each  discriminant  function  were 

■ timro^d  Kv  lh*  trthnlrtlnr  a nd  nunrhrd  into  n 

summary  card.  Since  20000  was  added  to  each 
discriminant  score  of  each  airman  to  male  all 
scores  positive,  the  resulting  discriminant 


scores  were  five-digit  numbers,8  Addition  of 
this  constant  does  not  affect  group  separation, 
of  course,  * 

The  sum  of  each  of  the  17-sL*nine  scores  are 
known  for  each  group*  For  each  discriminant 
function  and  for  e*ch  group  the  sum  of  the  prod- 
ucts of  these  sums  and  the  corresponding  dis- 
criminant coefficients  must  equal  the  sum  of  the 
airmen's  discriminant  scores.  Comparison  of  the 
numbers  obtained  in  these  two  operations  pro- 
vides a check  on  the  machine  computation  of 
scares  for  each  airman. 

T*he  time  required  for  machine  computation  of 
discriminant  scores  was  reduced  by  using  fo*x- 
digit  discriminant  function  coefficients,  (t  was 
judged  that  this  sccirscy  exceeded  the  accuracy 
which  would  be  used  in  interpretation, 

C.  DESCRIPTION  OK  DISCRIMINANT  SCORES 

L Means,  Standard  Deviations,  and  Cone * 


Means,  standard  deviations,  sad  correlations 
of  the  two  five-digit  discriminant  function  scores 
were  computed  for  each  group.  As  can  be  seen 
in  Table  3 the  first  discriminant  function  means 
range  from  15.435  to  2D* 27 1 sod  the  second  from 
27.333  to  32.050'  Considerable  consistency  in 
standard  deviatioas  exists  from  group  to  poop 
far  ea»  h discriminant  function  and  the  scatter  in 
the  m’rcood  function  tends  to  be  larger  than  it  is 
in  the  first.  Correlations  between  discriminant 
function*  r*n  ge  from  -OtW.l  to  0t2*v*>A,  »*Un 
testing  the  hypothesis  that  correlations  were 
random  samples  from  s population  in  which 
p - 0,  the  coefficient*  in  group*  U (Clerk- 
Typists),  D (Aircraft  sod  Fngioe  Mechanics),  F 
(Radio  Mechanics),  and  II  (Radar  Mechanics) 
were  found  to  exceed  the  .05  level  of  signifi- 
cance. As  is  to  be  expected  the  correlation  of 
tLc  combined  fgoups  is  zero  within  the  number 
of  signifiesnt  digits  used  in  the  disenminsnt 
coefficients. 

2.  Hi  van  ate  Discriminant  Score  Distributions 

Bivariate  distributions  of  discriminant  scares, 
oi»*  for  each  group,  are  jive n in  T ables  4 Ihrougl 
11.  These  tables  suggest  that  the  distributions 

r. 

A <J*  ( at  I «*J  atatamrnl  ol  th*  machina  procedure  may  * 
found  in  AppenJix  D ol  iht  comrld*  repeal  *.!0). 


TABLE  3 


MEANS,  STANDARD  DEVIATIONS.  AND  CORRELATION  OF  DISCRIMINANT  SCORES  BY  CROUP 
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334 

16.125 

2?  455 
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-0.073 
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1 H>f 

20.221 
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2.624 

-.0480 

-2.124* 

C 

16.142 

3).  202 

2.497 

2.433 

-.0132 

-0.123 

0 

2063 

is.  US 

29.29V 

2.416 

2.579 

.0544 

2.466* 

E 

S 14 

16.041 

30.818 

2.217 

2.529 

.1213 

2.738* 

F 

266 

18. T 10 

30.367 

2.538 

2.933 

-.0681 

-1.107 

C 

223 

16.163 

27.333 

2.030 

2.462 

.0144 

0.20V 

11 

99 

16.079 

32.050 

2. 3 VO 

2-066 

♦ 2S54 

2.525* 

Cowhi»c4 

6105 

17.633 

29.737 

3.136 

6.685 

-.00006 

. . 

.OS  l«vel  of  1.06  tl  p c o.  In  oach  instance  O ^ w co«tputu<i  rr^er  the  hypothesis,  pc  o. 


TABLE  4 

BI  VAR  I ATT  DISCRIMINANT  SCOHK  DISTRIUITION  CHOI  P A (RADIO  OPERATORS) 
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arc  raugbJy  bivariate  n^ma  L AUo  since  the 
tables  have  a common  scale*  some  idea  ol  the 
overlap  in  the  distributions  can  be  obtained  by 

f f»  1 1 • ii»k*  InMss.  Tkl* 

* o — - -n • o 

overlap  is  demonatrated  more  clearly  in  F igure 
Z.  : in  Appendix  C* 

3.  Study  o/  Normality 

Tk.  f=c»  tk  »|j#  orinifial  «r«vs«  nn  which 

tbeae  diacriminant  functions  are  based  would 
tend  to  be  approximately  normally  distributed  in 
large  unselected  samples*  and  the  fact  that  dis- 


criminant scores  are  the  sums  of  1?  of  tbeae 
elements*  suggested  iuat  the  central  limit  theo- 
rem might  operate  in  these  data  to  produce  bi- 
D irtr** I *1 istribnt innn  in  each  crmio.  Con- 
sequently* testa  were  made  to  ascertain  whether 
it  happened  or  not* 

A necessary  and  sufficient  condition  of  bi- 
variate normality  is  that  Cat l of  ibe  marginal 
diatrihnt irmn  be  normal,  Chi  nouare  was  com- 
puted for  each  margiral  distribution  to  determine 
if  each  might  be  considered  a random  sample 
from  a norma!  distribution. 


X . 


Results  of  tkn  tesla  ere  given  id  Tablets 
Only  the  Chi  square*  foe  the  first  discriminant 
scores  of  Group  D (Aircraft  and  Engine  Me* 
ckasica)  and  tbe  second  discriminant  a core*  of 
Groups  3 (Clerk-Typists)  and  D (Aircraft  and 
Engiss  Mechanics)  were  so  large  that  they  would 
less  than  5 times  io  100  io  random  sstv- 
plea  from  a normal  distribution. 

Since  the  Chi  square  teat  is  relatively  in- 
sensitive to  small  variations  in  skewness  sad 


kvtosia  of  a distribution,  Fisher’s  g-statlatke 
of  skewness  and  kart  os  is  (4,  p.TS)  were  also 
computed  for  these  data.  Results  of  these  com- 
putet toes  ere  given  in  Table  IX  The  skewosaa 
of  the  first  discriminant  function  departs  signifi- 
cantly from  the  skewness  of  s normal  distribution 
io  Grciip  D (Aircraft  sod  Engine  Mechanics)  sad 
that  of  the  tc^ond  in  Groups  D (Aircraft  and 
Engine  Mechanics)  end  G (Airplane  Sheet  Metal 
Workers).  Significant  depart  tree  from  the 
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TAULE  7 
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kurtosis  of  a n of  me  I distribution  were  found  on 
the  first  discriminant  function  in  Croup  D (Air* 
craft  and  Engine  Mechanics)  and  on  the  second 
in  Croups  13  (Clerk-Typists),  D (Airplane  and 
Engine  nice  bn  ultra),  and  b (leather  Observers). 
Thur  more  information  concerning  the  non- 
normality  of  first  discriminant  scores  in  Croup  li 
(Clerk-Typists)  and  D (Aircraft  and  Engine  Me- 
chanics) has  been  obtained  and,  in  addition,  it 

. . i . . i »*♦  * 

Ui  «*|~  it*  ttwii  » *c  occuimj  uie»cr  iminuru  lunction 
is  non-normal  in  Croupa  F (Weather  Observers) 
aod  C (Airplane  Sheet  Metal  Workers).  The  extent 
of  the  departures  from  normality  may  be  observed 
in  Figures  5.1  through  5.0  presented  in  Appendix 


C in  which  nornxil  distributions  with  means  and 
standard  deviations  of  those  of  the  sample  are 
superimposed  on  the  sample  hiatograrra.  It 
would  seem  that  the  assumption  of  bivariate 
normnlity  is  not  too  valid  for  Croup  I)  (Aircraft 
and  Engine  Mechanics)  but  that  it  is  not  too 
inaccurate  a representation  of  the  actual  situ- 
ation in  the  other  groups. 

U Overtop  in  Di scrimmant  Score  Distributions 

Although  the  discriminant  scores  of  Group  D 
(Aircraft  and  Engine  Mechanics)  do  noC  satisfy 


10 


the  conditio*  of  bhnriite  normality  well,  this 
aeeuaptioa  wm  used  in  describing  overlap  io 
tke  group  d.atrlbutioac*  An  eeeumptioo  of  this 
BMtare  wm  necessary  to  simplify  visualisation 
of  tbs  seporutios  of  fpoops  effected  by  tbe  die* 
crimlocnt  functions*  Recording  the  actual  fre- 
queacy  of  occurreace  of  pair*  of  scores  to  eacb 
group  a a ingle  plane  became  ao  confusing 
that  the  essential  iafermation  of  the  table  wm 
loot. 

la  a bivariate  aocaad  pupal  alios,  RiaU  (t* 
p.106)  give#  tka  probability  that  vrill  fall 
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3.94 

X92 

X4S 

4.04 

i;;:  f fV.rHwmwit  !■  unction  1 slier  iw'.aUon  t*  nf*  ***•. 
^Setm-siiw  of  l>» wcrimtn sol  PticUoi  2 sfter  rotation  to  ttw  tm. 


The  seroi-sxis  of  ike  ellipee  io  the  direction  to 
which  v 2 ic  rotated  b given  by 


— 4(1— r^)  0 * j*  o 22  In  k 


“(  022-  Oj)2  4 Q(  o*A 


"4  a,*)  * if2  a,2  o02 


(4) 


Density  die  tribal  ions  -my  be  depicted  in  a 
plane  by  drswiqg  contour  lines  representing  a 
constant  increment  in  the  height  of  the  prob- 
ability surfs*  e*  Accordingly*  five  contour  el- 
lipses were  chosen  for  escb  group  such  that  the 
difference  in  height  of  the  probsbility  surface 
was  *2  between  each  confoursnd  the  next*  These 
ellipses  were  defined  hy  the  above  relationships 
by  choosing  values  of  k st  0.9,  0.7,  0.5,  0.3, 
and  0.1. 

The  means,  standard  deviations,  and  corre- 
lations reported  in  Table  3 were  used  in  compu- 
tation of  tbe  angle  of  rotation  by  equation  (/) 

i .i  ♦ i . • t **\  t •* \ i 

*44  u uic  ■cuiroirs  \jy  c^imuiimw  t 4.  /,  /,  duu 

(4).  Tbe  rt aults  of  these  computations  ore  re- 
ported in  Table  1*1* 

The  Gaussian  contour  ellipses  are  shown  in 
Figure  5,9  (Appendix  C).  ITiis  figtre  demon- 
strates the  overlap  in  abilities  represented  in 
airmen  who  have  successfully  completed  train- 
ing in  one  of  the  eight  specialties  which  were 
studied.  It  must  also  be  remembered  that  tbe 
differentiation  demonstrated  in  this  figure  is 
achieved  by  tbe  two  discriminant  functions  with 
the  highest  latent  roots.  If  similar  contour  el- 
lipse? were  constructed  for  the  discriminant 

ing  fair  noo-zero  latent  roots  or  for  any  exami- 
nation of  these  four  with  one  of  the  two  shown  in 
Figure  5.9  (Appendix  C),  greater  overlap  would 
be  observed  in  the  distributions. 

Contours  for  individu.il  groups  may  be  distin- 
guished in  F'lgtre  5.9  (Appendix  C)  if  s color 
fixation  is  consciously  assumed  while  looking 
at  the  figtre.  Tbe  distinction  is  sided  if  the 
center  of  the  contours  is  first  identified.  Con- 
tour centers  are  identified  io  Figire  5*9  (Ap- 
pendix C)  by  tbe  centers  of  the  large  crosses 
(4).  Coototr  centers  occur  in  a region  bounded 
by  Discriminant  Function  1 scores  from  15  to  20 
end  by  Discriminant  Function  2 scores  »rom  27 
r.o  55.  For  instance,  toe  center  01  the  solid- 
green  (mdar  mechanics)  contours  is  it  approxi- 
mately a Discriminant  Function  1 score  of  16 
and  a Discriminant  Function  2 score  of  32.  If 
this  cross  is  located  the  five  solid*gr*en  el- 


lipses sttfrounding  it  can  be  identified  with  very 
little  effort  if  s gyeeo-conac iouauess  is  assumed 
by  the  reader.  Some  of  the  differentiation  of  the 
groups  which  actually  trials  in  the  data  can  be 
seen  if  the  so  lid -green  (radar  mechanics)  con- 
tours are  coclt&stec!  with  both  the  broken-green 
(clerk-typists)  contours  and  the  broken-red 
(sheet  metal  workers)  contours.  Identity  of  con- 
tours is  closest  in  the  solid-red  (radio operators) 
contours  and  the  broken-blue  (control  tower 
operators)  contoirs. 

Firther  information  may  be  obtained  from  1 14- 
ure  &9  (Appendix  C)  if  one  identifies  the  con- 
tour ellipses  on  which  various  pairs  of  discrimi- 
nant scores  lie.  For  instance,  a Db  crim»nant 
F unction  1 score  of  approximately  12  sod  a Dis- 
criminant Function  2 score  of  approximately  2R 
lies  on  the  solid-blue  (A  & K mechanics)  el- 
lipse with  lw0.3,  the  broken-red  (sheet  rrv  tnl 
workers)  ellipse  with  k«f).  1,  and  tbe  broken- 
orsnge  (weather  observers)  ellipse  with  k*A  1. 
This  point  is  outside  even  the  k-0.1  ellipses  of 
the  other  five  groups.  Thus  the  relative  fre- 
quency with  which  this  score  occurred  was  high- 
er in  the  sroup  of  airmen  assigned  to  A & F me- 
chanic school  than  it  was  in  any  of  the  other 
seven  groups. 

INTERPRETATION  OF  DISCRIMINANT  SCOPES 

A.  PR  Oft  A Bit  I TY  ST  ATT  UF  NT  A CnATFRNTNO 
CRCKP  STMBERSlitP 

Suppose  that  tbe  density  function  of  discrimi- 
nant scores  were  known  for  s particular  popula- 
tion. Vitb  this  information  it  is  possible  to 
compute  the  probability  that  a random  pom*,  yj, 
)2t---*yr  let  us  ssy,  will  be  in  the  small  inter- 
val dyj,  dy2,.**,  dy^  It  is  also  poaeible  to 

determine  the  density  oiAside  a given  boundary. 
This  latter  information  would  specify  the  fractios 
of  tbe  total  density  beyond  the  particular  bound- 
ary on  which  V],  y2t • • • * yr  lies. 

Suppose  further,  that  a contour  of  the  density 
were  chosen  such  that  the  fraction  « of  the 
population  of  Croup  A individuals  is  ouUide  tbe 
contoir.  If  a random  sample  of  Group  A indi- 
viduals were  classified  as  A or  not-A  on  the 

1 / 1 . ; • * . 

ui  nticiuci  mtir  scores  piscea  inem  inside 

or  outside  this  coniotr,  the  expectation  is  that 

tbe  fraction  * of  individuals  who  were  really 

Group  A individuals  would  not  be  called  Group 

\ individuals.  The  fraction  «*  associated  with  a 
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given  colour  is  thus  the  probability  oi  mit- 
ciusifyiig  sa  individual  as  ‘WA,f  when  hr 
really  belongs  to  Groap  A*  Tbia  fr«ctio«f  when 
computed  froa  a sample  and  expressed  as  a pet 
ceati  will  be  called  a cento+r  score.9  A centov 
score  a pacifies  tbe  risks  involved  la  acting  sa 
if  a persoa  is  aot  a member  of  s particular  90 op 
kL-u  ia  reality  be  is*  Tbs  inserts  ace  of  esatoor 
scores  for  career  guidance  m obvious. 

la  s previoos  esc  (too  it  was  reported  that  the 
discriminant  scores  were  approximately  bivariate 
acral  is  all  poops  with  tbs  excsptioa  of  Group 
D (Aircraft  aod  E^ioe  Mechanics).  Despite 
this  exception,  centov  scares  for  this  poop  as 
well  as  for  the  other  poops  were  competed  ss 
though  the  density  functior  was  bivariate oomal. 
It  was  judged  that  this  assumption  would  yield 
io  each  poop  tbe  one*  or  possibly  two-digit 
see  vac  y necessary  for  interpretation  of  the 
scores  io  guidance  conferences.  Sample  means, 
standard  deviations,  and  correlations  reported  In 
Table  3 were  seed  in  cuopatiag  ceatov  scores, 
mimiz  l bey  ere  likelihood  estimates  pf 

their  respective  population  parameters  in  s 
SGSSp  lc  from  a bivariate  uormsl  population. 

Riels  o tales: 

"The  equal- frequency  curves  obtained  by 
roakiag  s t tke  coo  slant  values  io 


Conversely,  tbs  probability,  p,  that  a point  will 
faii  oniakAm  this  silipss  is 


-dL. 

il-T) 


p-* 

F ion  t^ii  we  *m  t&*t 


A*--2a-r1)l«p 


and  the  ellipse  outside  oi'  which  tbs  proportion  p 
of  tbs  was  will  fall  is 


boh*..  2r  . 

o ,2  o*  °l°2 

-2  (1-f2)  l.  p, 

|-c|,  (5) 


Thus 

p • Anuta 
where  - C • 


pry/.vy  =r<yrrlMr>-y»> 

j(i-T)L  V V W|  °* 


2(1 

and  tbe  centov  store  essociated  with 
ICCp, 


r !•  X2 


function  baa  been  generalised  to  n variates,  tbe 
centov  score  concept  may  also  be  generalised 
io  a discriminant*.  Sack  a ge cere ItiaC ion  has 
been  accomplished  by  Pearson  (/,  pp.xxrv-xxvi). 


* " 2^0^ 
where  D ■ 


1 

2<I-rJ) 


r \* 


<r.-y.>  <y,-y*M 


a_7a  -fc.vjL-i-H-ii 


ai a* 


— r ns  «y«e«n  of  homotheii*;  ellipses, 

ay  one  of  which  has  an  equation  of  the  form 


(yryi^  (y2-x2)2  <r i~Ti>  ty2-y2)  j2 

— f— * — — 3 — » — 0T0 * • 

1 °2  1 


Further^,...  "The  probability  that  s point 
(yj  , y2)  takes  at  random  will  fall  within  any 
ellipse  obtained  by  assiping  A ia  given  by 

...-•loSr  '•,,^,09) 

tj 

TW  word.  ’ cczlMf  cu*n«d  br  cMibimnf  lb« 

••earl"  of  "par  cmi"  will.  the  "oar"  of  cnsio«*.  U woo 
(bought  that  "eentour"  odo^votolr  conveyed  tbo  idea, 
"per  cooi  of  ana  bnyood  tbo  contour  on  which  o point  lion**' 
Sine o contour  ocoroo  kov«  boon  coopniod  by  aaauaiag  o 
oumvorio.  bmm«  b - tbo  Air 

► or co  could  continue  tbo  tluino  fraae  a f roforonco  it  boo 
cbooon  lo  animals  by  reporting  "ataaoae**  iaataed  cf 
contour*.  Tbo  ansa  orooo  -iood  to  ic!*«o  attain* * could 
b«  iioou  to  dotino  "oioomto.n 


B,  CEfCTOUl  SOOSES  FOB  GUIDANCE  OF  AUHCN 


CeBov  scores  were  comp*ed  for  each  pair  of 
disetiminsnt  scares  for  each  poop*  They  ve 
reported  in  Table  IS. 

Suppose  that  so  airman  is  giveo  tbe  Airman 
Classification  Battery,  his  tests  are  scored,  and 
ms  two  aipcrumaoui  scores  art  * * t -ei 

us  say  that  Discriminant  Function  1 score  proves 
to  be  19  sod  Discriminant  Function  2 score 
proves  to  be  From  Table  IS  we  see  that 

centov  scores  for  this  pair  of  discriminant 
scares  are  1,11,1,3,1,9,15*  and  * tor  Groups  A, 
B,CJDX,F,G,  end  11,  respectively.  The  guid- 
ance counselor  could  now  say  to  tbe  airman: 

L If  I said  that  shown  like  yon  do  sot  satisfac- 
torily complete  Radio  Opwator  (Oonp  A)  school, 

I would  be  excluding  1 per  cent  of  ibo  poop  who 
so, 

Z if  ) aaid  that  ibmcn  like  yoo  do  not  sstisfsr- 
lorily  coipiiie  Clc*k-Typiut  (Croup  B)  school,  1 
would  be  excluding  11  per  cent  of  tbe  goup  who 
did  so. 

Append!*  D of  Um  complete  report  (10)  for  conpu* 

**  Tke  coefficients  of  the  diecrtaiansl  ncornn  for  lhe*e 
coapulatione  an*  bn  found  la  Tnbln  X Twnnly  (30)  »**•» 
bt  added  lo  each  of  than*  ecoree  before  ••  taring  Table  IS. 
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Divert  ml*  Ml  fuftctlea  2<+20) 


X If  1 Mid  thm  ><rwaa  like  yoi  do  mi  mU^«o 
torily  complete  Coobol  Tewer  Caen* or  (Grots  O 
school*  1 womld  bo  «xcltdl*|  I p«r  c«it  of  the 
groap  wko  did  ao* 

4*  If  1 told  that  Mr—  a Hko  too  do  oof  Mtit/ac* 
torily  camp  let  a Aircraft  im  K>c«m  Mechanic 
(Groap  D)  aolool.  1 wo  aid  bm  «ic1m1i|  I par  coot 
of  tha  poa  wko  did  a*. 

5*  If  1 ad  tkaf  drwt  Ilka  yoa  do  aot  satisfac- 
torily complete  Radio  Mac  basic  (Groep  D 

school,  1 aotld  ba  exdediag  1 par  coat  of  ‘it 
group  wko  did  ao. 

(h  if  I said  ikat  eirmea  lika  roa  do  aot  satisfac- 
torily complete  Veetkar  Okeorrmr  (Or  cap  F) 

eekool,  I wo  mid  ks  ex  cl  ad  fag  9 par  oast  of  ta 

pow  wko  did  ao* 

?•  If  1 said  that  airaws  lika  roa  do  aot  aatiafao 
torily  fjeaylott  AirpUaa  4*el  Maul  Mother 
(G«sp  O school,  1 woald  ba  axclediag  IS  par 
coat  of  tka  aotp  wko  did  ao* 

8*  If  I said  that  trm  Ilk*  roa  do  aot  satisfac- 
torily ccmpleU  Radar  Mtckaaic  (Groap  H) 

school,  1 w?Md  ba  axel  a 4 04  la  aw  tka  a 0*5  par 
coat  of  tka  poop  wko  did  ao* 


If  1 doa*t  o»iad  belay  wrosg  S par  cot  t of  tka 
tint*  I woald  any.  that  yoa 'fa  not  Ilka  tka  air- 
mam  wko  satisfactorily  eomplstad  radio  oi*rator, 
coatrol  towsr  operutor,  aircraft  sod  smgjaa 
mechanic,  radio  machaalc,  sad  radar  KC*.?t*sic 
ocboola.  Toa  look  mors  lika  othar  eirmea  wko 
bars  satisfactorily  coaiplatad  ilJLzt  clerk- 
typiet,  wcatkar  okaarrar*  or  elrplaae  akaat 
metal  worker  ocboola.  If  1 had  to  ckooaa  owe 
of  tkoao  schools  for  roa  oa  tka  basis  of  tkaaa 
1?  loots,  1 woald  aafact  airplaaa  sheet  metal 
worker  school,  since  tka  probability  Ir  largest 
for  your  beloagisg  to  this  groap* 

In  Figve  6*1  (Appendix  C)  tbe  regions  where 
centoor  scares  of  sack  pomp  are  maximal  are 
mapped*  This  figure  demonstrates  quite  clearly 
tba  consequences  for  specialty  class  if  ic at  ton 
of  overlapping  distribution*.  If  aseignmeot  to 
specialties  is  dooo  entirely  in  terms  of  tbe 

(Text  cootiaaea  oa  pqga  20) 
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Caoiour  Score  \0.5 
V.Mut*  *rt: 

A.  Hadic  Operator* 

B.  Q«ri*Tr>i«u 

C.  Control  Tower  Operator* 


D.  Aircraft  and  Fogin*  Machaaic* 
C.  Radio  Macbatira 
r.  - • *u)*t  • * ; . 

G.  Alrptaa*  Shaat  Metal  Worker* 
II.  Radar  Mechanic* 


(C*»tla«*d) 


I 


T4>1«  15(0o%t) 


TMacHmiaat  Faaetfaa  U*  201 


Ot**' 

9 

10 

U_ 

12 

13 

U 

1L 

14 

») 

18 

11 

20 

21 

22 

23 

24 

28 

H 

27 

28 

A 

• 

• 

• 

• 

• 

• 

l 

2 

2 

3 

2 

2 

1 

1 

• 

• 

• 

• 

• 

B 

• 

• 

• 

• 

• 

1 

2 

S 

9 

16 

23 

27 

26 

22 

14 

8 

4 

2 

1 

C 

• 

• 

• 

• 

• 

1 

2 

3 

3 

4 

4 

• 3 

2 

1 

1 

• 

• 

• 

• 

25  D 

1 

2 

S 

11 

16 

22 

23 

24 

19 

13 

7 

1 

1 

• 

• 

• 

• 

• 

• 

E 

• 

• 

1 

2 

4 

6 

7 

7 

4 

4 

2 

1 

• 

• 

• 

• 

• 

• 

• 

F 

• 

• 

• 

• 

1 

3 

8 

9 

14 

17 

19 

17 

16 

9 

S 

3 

1 

• 

• 

\0 

H 

• 

• 

1 

• 

3 

• 

* 

• 

it 

• 

37 

• 

44 

• 

64 

• 

47 

• 

42 

• 

24 

« 

10 

• 

4 

• 

1 

• 

• 

• 

• 

* 

• 

♦ 

• 

• 

• 

• 

A 

• 

• 

• 

• 

1 

1 

3 

4 

6 

7 

i 

6 

3 

2 

1 

• 

• 

• 

• 

B 

• 

• 

• 

• 

• 

1 

3 

8 

17 

28 

19 

46 

45 

37 

25 

14 

7 

3 

1 
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44 

42 

34 
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2 

& 

10 

17 

24 

b 1 

33 

30 

24 

16 
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2 

1 

• 

G 
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1 

3 

11 

26 

49 

74 

46 

79 

S7 

32 

14 

S 

1 

• 

• 

• 

• 

• 

H 

• 

• 

1 

1 

1 

• 

• 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

A 

• 

• 

• 

• 

1 

3 

4 

11 

IS 

17 

16 

13 

8 

4 

2 

1 

• 

• 

• 

B 

• 

• 

• 

• 

1 

2 

S 

M 

24 

43 

59 

49 

47 

84 

36 

20 

9 

4 

1 

r 

• 

• 

• 

1 

3 

5 

10 

IS 

20 

22 

21 

17 

12 

7 

4 

2 

1 

• 

• 

27  0 

2 

6 

u 

26 

42 

88 

67 

iS 

13 

36 

19 

10 

4 

i 

• 

• 

• 

• 

• 

E 

• 

1 

3 

8 

16 

24 

31 

32 

26 

18 

10 

4 

2 

• 

• 

• 

• 

• 

• 

F 

• 

• 

• 

i 

3 

• 

« « 

to 
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82 

47 

37 

28 

14 
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3 

1 

• 

G 
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1 

4 

12 

29 

34 
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99 
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66 

37 

17 

5 

• 

• 

• 

- 

• 

H 

• 

1 

2 

3 

4 
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S 

4 

3 

2 

1 

• 

• 

• 

• 

• 

• 

• 

• 

A 

• 

• 

• 

1 

3 

6 

13 

22 

30 

3S 

33 

26 

16 

9 

4 

i 

• 

• 

• 

B 

• 

• 

• 

• 

1 

2 

7 

>7 

34 

S4 

77 

99 

85 

64 

45 

25 

12 

4 

1 

C 

• 

• 

1 

2 

5 

10 

19 

29 

38 

42 

40 

32 

22 

13 

7 

3 

1 

• 

• 

29  D 

3 

17 

33 

84 

7S 

97 

4S 

70 

49 

28 

14 

6 

2 

1 

• 

• 

• 

• 

C 

• 

2 

S 

13 

25 

39 

SI 

S3 

46 

32 

18 

8 

3 

l 

• 

• 

• 

• 

• 

F 

• 

• 

1 

2 

S 

12 

23 

34 

SS 

68 

72 

65 

SO 

33 

19 

9 

4 

1 

• 

C 

• 

1 

4 

12 

29 

34 

92 

96 

89 

64 

34 

16 

6 

2 

• 

• 

• 

• 

• 

I 

1 

2 

4 

7 

10 

14 

16 

U 

10 

6 

S 

1 

• 

• 

• 

• 

• 

• 

• 

A 

• 

• 

• 

1 

4 

:i 

22 

37 

si 

59 

85 

43 

28 

IS 

6 

2 

1 
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♦ 

B 

• 

• 

# 

• 

1 

3 

8 

20 

38 

03 

87 

99 

94 

75 

49 

27 

13 

S 

2 

C 

• 

• 

1 

3 

• 

16 

30 

46 

S8 

66 

61 

SI 

35 

21 

10 

4 

2 

• 

• 

K 0 

3 

• 

19 

34 

60 

44 

99 

96 

90 

56 

33 

16 

7 

2 

1 

• 

• 

• 

• 

n r 

• 

2 

7 

17 

33 

34 

72 

77 

67 

48 

28 

13 

S 

2 

• 

• 

• 

• 

• 

r 

• 

• 

1 

2 

7 

15 

29 

49 

70 

85 

89 

80 

61 

40 

23 

11 

4 

2 

• 

G 

* 
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in 

93 

43 

6? 

79 

72 

S3 

2? 

14 

5 

1 

• 

• 

• 

• 

• 

H 

) 

3 

7 

is 

22 

30 

34 

32 

25 

16 

V 

% 

• 

* 

• 

• 

• 

i 

A 

• 

• 

1 

2 

6 

IS 

31 

S2 

72 

83 

78 

61 

39 

21 

9 

3 

1 

• 

• 

• 

B 

• 

• 

• 

• 

1 

3 

8 

19 

38 

62 

84 

96 

90 

71 

47 

25 

12 

4 

1 

• 

C 

• 

• 

1 

4 

10 

23 

40 

61 

79 

88 

84 

67 

46 

27 

14 

6 

2 

1 

• 

• 

X D 

3 

7 

18 

34 

57 

80 

95 

94 

79 

56 

33 

16 

m 

2 

1 

• 

• 

• 

• 

• 
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1 

2 

8 

19 

39 

64 

86 

95 

8S 

62 

36 

18 

f 

2 

1 

• 

• 

• 

• 

• 

F 

• 

• 

1 

3 

8 

17 

$3 

SS 

79 

95 

99 

88 

66 

43 
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11 
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9 

3 

1 
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A 

• 

• 

; 

2 

7 

18 

37 

62 

SS 

98 

92 

72 

46 

24 

10 

% 

1 

• 

• 

• 

B 

• 

• 

• 

• 

1 

3 

~ 

17 

32 

52 

71 

80 

75 

S3 

38 

21 

9 

4 

1 

• 

C 

• 

• 

2 

S 

12 

25 

45 

69 

90 

99 

94 

76 

52 

30 

IS 

6 

2 

1 

• 

• 

31  n 

2 

6 

14 

28 

47 

06 

79 

79 

47 

47 

28 

!4 

4 

2 

1 

• 

• 

• 

• 

• 

E 

1 

2 

7 

18 

38 

64 

89 

100 

91 

08 

41 

20 

8 

3 

1 

• 

• 

• 

• 

• 

K 

• 

• 

1 

3 

8 

18 

34 

66 

T9 

94 

97 

as 

64 

41 

23 

11 

4 

1 

• 

• 

G 

• 

• 

1 

4 

9 

18 

28 

33 

31 

22 

I? 

6 

* 

1 

• 

• 

• 

• 

• 

• 

11 

1 

4 

10 

23 

43 

66 

83 

§7 

76 

SS 

33 

16 

7 

2 

1 

• 

• 

• 

• 

• 

A 

• 

• 

1 

2 

7 

18 

36 

61 

IS 

97 

95 

71 

46 

24 

11 

4 

1 

• 

• 

• 

It 

• 

• 

i 

9 

3 

12 

*14 

38 

51 

57 

S3 

41 

27 

14 

6 

2 

1 

• 

C 

• 

• 

2 

5 

11 

24 

43 

66 

86 

95 

89 

72 

4V 

29 

« 9 

«• 

o 

> 

• 

• 

32  D 

1 

4 

10 

19 

33 

47 

56 

S7 

48 

35 

19 

11 

5 

2 

1 

• 

• 

• 

* 

• 

E 

• 

2 

6 

IS 

32 

55 

78 

49 

83 

63 

39 

20 

6 

*4 

j 

• 

• 

• 

• 

• 

F 

• 

• 

1 

3 

7 

16 

31 

so 

70 

S3 

35 

74 

SS 

35 

19 

9 

4 

1 

• 

• 

C 

• 

• 

1 

2 

5 

9 

14 

If 

IS 

11 

6 

3 

1 

• 

« 

« 

• 

• 

• 

• 

11 

1 

3 

9 

21 

41 

67 

90 

100 

92 

70 

45 

23 

10 

4 

1 

• 

• 

• 

• 

• 
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T*bl«  IS  (Cent) 


lAftcrimtnaet  Function  !(♦  20) 


10 

U 

12 

13_ 

U 

IS 

16 

11 

If 

19 

20 

21_ 

22 

23 

24 

25 

26 

27 

28 

A 

• 

• 

1 

2 

6 

IS 

30 

SI 

71 

• 1 

76 

Si 

38 

20 

9 

3 

1 

• 

• 

• 

0 

• 

• 

• 

• 

• 

1 

2 

6 

IS 

24 

32 

36 

33 

25 

16 

9 

4 

l 

• 

• 

C 

• 

• 

1 

4 

9 

20 

3S 

S3 

69 

76 

77 

S7 

39 

23 

n 

S 

2 

l 

• 

• 

S3  U 

1 

2 

6 

i7 

20 

24 

35 

is 

30 

22 

13 

7 

3 

1 

• 

• 

t 

• 

• 

• 

E 

• 

1 
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to 

23 

40 

Si 

M 

65 

SI 

32 

16 

7 

2 

l 

• 

• 

• 

• 

• 

F 

• 

• 

1 

2 

6 

13 

25 

40 

SS 

65 

66 

S7 

42 

26 

14 

« 

3 

1 

• 

• 

C 

• 

• 

• 

1 

2 

4 

4 

i 

7 

S 

5 

l 

• 

• 

• 

• 

• 

• 

• 

• 

11 

1 

5 

6 

IS 

31 

S3 

76 

to 

•7 

70 

47 

26 

12 

S 

1 

• 

• 

* 

A 

t 

A 

• 

• 

• 

l 

4 

10 

21 

36 

49 

56 

53 

41 

26 

14 

6 

2 

1 

• 

• 

B 

• 

• 

• 

• 

• 

1 

2 

4 

8 

13 

IS 

19 

18 

13 

9 

S 

2 

1 

• 

C 

• 

• 

* 

* 

3 

6 

13 

24 

36 

47 

52 

a 

39 

26 

15 

• 
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1 

• 

• 

34  0 

• 

* 

• 

3 

6 

11 

IS 
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16 

12 

« 

4 

2 

1 

• 

• 

• 

• 

• 

E 

• 

1 

3 

6 

14 

25 

17 

a 

44 
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22 
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S 

2 

• 

• 

• 

• 

• 

K 

• 

• 

1 

•i 

4 

10 

18 

29 

30 

46 

46 

38 

28 

18 

10 

4 

2 

1 

• 

C 

• 

• 

• 

• 

1 

1 

48 

3 

2 

2 

1 

• 

• 

• 

• 

• 

• 

• 

• 

H 

• 

1 

3 

8 

18 

33 

SO 

62 

63 

34 

36 

22 

11 

4 

1 

• 

• 

• 

• 

A 

• 

• 

• 

1 

* 

6 

12 

21 

29 
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31 

24 

15 

• 

4 

1 

• 

• 

• 
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- 

* 

• 

• 

• 

1 

2 

4 
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• 

t 

• 

6 

4 

2 

1 

• 

• 

c 

• 

• 

l 

2 

4 

• 

14 

21 

27 

30 

ZM 

22 

t» 

9 

* 

i 

• 

• 

15  D 

• 

• 

1 

2 

5 

7 

8 

9 

• 

6 

3 

2 

1 

• 

• 

• 

• 

• 

• 

t 

• 

• 

1 

3 

7 

13 

20 

25 

25 

20 

13 

7 

3 

1 

• 

» 

• 

• 

• 

► 

• 

• 

• 

• 

• 

1 

3 

• 

6 

• 

11 

18 

24 

# 

28 

28 

24 

# 

17 

11 

6 

3 

1 

• 

• 

u 
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• 

• 

l 

4 

3 

16 

2S 
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33 

13 

24 

4 S 

8 

3 

! 

• 

• 

• 

• 

A 

• 
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• 
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• 

• 
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• 

• 
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16 

IS 
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1 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M 

• 

• 

• 

<* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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TABLE  16 


REGIONS  IN  WHICH  CENTOUR  SCORES  OK  EACH  CROUP  ARE  10  OR  MORE 
Diacriminaftt  Function  1 


« io  n 

11 

_13 

14 

IS 

16 

il 

1C 

19 

20 

36 

• - 

• - 

a- 

• - 

1 - 

• 

c - 

c - 

e- 

c- 

c - 

. . 

• f 

• 1 

• 1 

* 1 

- I 

• b 

• b 

•b 

-b 

iS 

. - 

• « 

• - 

a.  - 

•• 

•• 

• « 

• - 

c - 

c- 

e* 

• - 

c - 

c - 

• « 

• ! 

• ( 

o f 

• 1 

• 1 

• r 

-b 

-b 

-b 

• b 

-h 

•b 

34 

. . 

• - 

• - 

• * 

• • 

mk 

ab 

ib 

• 4 

c4 

c4 

cd 

cd 

cd 

c • 

c - 

• - 

• f 

ef 

• I 

• ! 

1 1 

Hi* 

• 1 

-b 

-b 

•b 

• b 

-b 

-k 

•b 

33 

. . 

. * 

• * 

•• 

• * 

•b 

lb 

lb 

lb 

-d 

•4 

cd 

cd 

cd 

cd 

cd 

c4 

c - 

• • 

• • 

• 1 

• 1 

• ! 

• ! 

• I 

• I 

• I 

*b 

-b 

-b 

•b 

• b 

• b 

• b 

• b 

32 

- . 

- . 

• - 

•- 

db 

•b 

ib 

ab 

lb 

- 4 

•4 

c4 

cd 

-4 

cd 

cd 

cd 

c4 

** 

• - 

• - 

• ! 

• I 

• ! 

• 1 

• 1 

• 1 

• 1 

•h 

•9 

• • 

1* 

S" 

•* 

L * - 

31 

. . 

. . 

. - 

• - 

• - 

•b 

ib 

ib 

lb 

lb 

• m 

• 4 

c4 

cd 

c4 

c 4 

k4 

cd 

c4 

cd 

- - 

• • 

* - 

• I 

• I 

• f 

cl 

el 

ef 

ef 

• k 

-U 

-h 

cb 

* 

lb 

Kb 

cb 

Cb 

• b 

30 

• * 

- . 

• - 

• - 

*b 

•b 

ib 

ab 

ib 

-4 

•4 

cd 

cd 

cd 

cd 

cd 

cd 

cd 
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maxima  of  ■ inaa1  e tight  eaatoar  aoMU»  re- 
latively few  airmen  will  b#  assigned  to  the  coo* 
trol  tower  operator,  radio  operator,  and  radio  mo* 
chanic  specialties*  It  would  aeem  that  ike  batter 
procedtre  would  be  to  rule  out  certain  special- 
ise aaaociated  with  a particular  pair  of  discrim- 
ioant  a core  a and  then  to  asaign  to  remaining 
specialties  in  ter:a  vf  Uu  tLc  airman's  cbolcea 
and  quotas  Set  by  the  requirements  of  tbe  serv- 
ice. 

I be  interpretation  of  tbe  discriminants  may  be 
facilitated  by  working  within  o fixed  error  allow* 
ance*  If  tbit  error  is  chosen  at  10  par  cent  for 
every  poop,  Table  16  provide#  tbe  discriminant 
information  far  guidance  couaeling  of  airmen 
concerning  tbe  eight  Air  Force  specialties  stud- 
ied* In  this  table  tbe  group*  where  tbe  centaur 
scares  exceed  0 are  identified  for  eacb  pair  of 
discriminant  scores*  With  this  table  it  is  pos- 
sible to  determine  immediately  all  the  groups  in 
wbicb  an  airman  may  belong, 11  once  kis  two  dis- 
criminant scenes  are  knows*  u a duo  ; tppcwv 
in  place  of  tbe  letter  for  any  ^oup,  it  indicates 
that  less  than  10  per  cent  of  tbe  airmen  in  this 
group  made  discriminant  scores  outside  toe 
boundary  set  by  tbe  particular  pair  of  discrimi- 
nant scores* 

We  considered  earlier  tbs  example  of  as  air- 
man whose  discriminant  scares  were  19  and  24 
If  are  took  up  the  “19”  column  of  Table  16  is 
“24“  row,  we  find  tbe  letters  b and  g,  indica- 
ting that,  as  we  saw  before,  he  baa  centotr 
scores  of  10  or  more  in  tbe  Clerk-Typist  group 
and  in  tbe  Sbee!  Metal  poop* 

A uL'c  ;;*s;Lr  :c  16  could  be  ttsde  sp  for  • 
fixed  error  allowance  of  15  per  cent  (instead  of 
10  per  ceot)  and  it  would  a bow  only  a V i* 
the  19,24  cell. 

If  the  17  *eats  were  discriminating  perfect!, 
among  tbe  eight  groups,  we  would  find  only  a 
single  ^oup- letter  in  each  cell  of  tbe  table*  It 
is  clear  rrom  Table  l*  that  this  perfection  is 
not  achieved  in  the  data  studied*  Some  indi- 
cation of  bow  far  tbe  Arman  Classification  Bat- 
tery faiia  aaori  of  discriminating  perfectly  aiuuug 
tbe  eight  groups  is  found  in  Table  16  by  refer- 
ence to  tbe  central  region  enclosed  in  solid 
limes*  In  this  region  of  16  pairs  of  discriminant 
scores,  tbe  ceot  our  scores  for  all  eight  groups 

» r>  i _ . _ t * : _ _ _ r 
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or  another  of  these  16  ;>aira  of  discriminant 
scores* 

**Sck)«ct  (o  th*  f t««d  •rror  pwc«nt«t**  of  cmth. 


C»  USE  or  DM  MACHINES  FOB  t EPOS  TIN  C 
CENTO ui  scenes 

A mania r deck  of  centotr  scores  associated 
with  each  pair  of  discriminant  scores  could  be 
prepared*  After  discriminant  scores  are  com- 
puted for  each  airman  by  tbs  method  described 
in  Appendix  D of  tbe  complete  report  ( 10),  the 
two  deck#  of  cads  could  be  sorted  together  and 
centour  acorns  reproduced  into  tbe  detail  cards 
for  each  airman.  A tabalatad  roster  of  centotr 
a core  a would  provide  a guidance  counselor  with 
almost  all  tbs  information  that  the  Airman 
Classification  Battery  coo  tarns  concerning 
prediction  of  psxip  identity* 

EFFICIENCY  OF  THE  AIRMAN 
CLASSIFICATION  BATTERY  FOR  GUIDANCE 
CONCERNING  THESE  SPECIALTIES 

A.  THE  PBOBLEM  Of  GROUP  IHfBOSHIP 

Questioners  of  discriminant  analysis  have 
doubted  that  the  technique  is  appropriate  for  the 
problems  of  personnel  class  if  teat  ion  and  guid- 
ance* They  propose  that  the  technique  is  ap- 
propriate for  a field  like  taxonomy,  where  group 
idem  it/  is  ascertained  with  considerable  cer- 
tainty and  where  aa  object  or  tndhridaal  can  fae- 
long  to  only  one  group*  The  questioners  doubt 
that  the  establishment  of  origins!  group  identifi- 
cation in  personnel  selection  and  guidance 
meets  these  conditions* 

Aa  an  instance,  suppose  one  had  a set  of 

• M * .♦*,.,  t .1  f 

a Emits  (root  some  vue  wocir  ioc  vs  twe  ivra*.- 

er  owners  of  the  skull*  was  known  is  each  case* 
Now  suppose  a new  skull  were  found  ami  tbe  sex 
of  the  former  owner  were  not  known*  Can  tbe 
sex  ol  tbe  fotmer  owner  of  this  skull  be  deter- 
mined by  am  a sure  meats  of  tbe  skull?  Discrimi- 
nant analysis  is  highly  appropriate  for  this  prob- 
lem, it  is  agreed*  bt*  tbe  utility  of  discriminant 
analysis  for  personnel  classifies  lion  is  still 
qoestioa*d  by  some* 

!=  tlH  jiU  ik*  ^ if  Force  and  in  a 

society  like  that  of  the  United  States  personnel 
class  if  test  ion  does  and  oust  take  place*  Tbe 
Air  Force  and  son-military  American  societies 
have  processed  to  tbe  point  where,  for  nil 
practical  purposes*  escb  working  member  of  tbe 
society  performs  only  one  job*  Tbe  worker  or 
airman  gets  classified  os  a radio  mechanic, 
clerk-typist,  weather  observer,  or  some  such 
thing*  If  either  of  these  men  i%  asked  what  be 
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does  bta  respoose  is  liksly  lo  be  in  terms  of  s 
single  occupation* 

Thus,  the  facts  are  that  occupations  do  exist, 
that  rules  exist  for  classifying  people  into  occu- 
pations, that  xm>M  individuals  rosy  be  classified 
into  only  one  occupation,  and  that  vocational 
counselors  believe  they  know  tbe  abilities  re- 
quired by  esck  occupation*  lo  thb  situation  two 
questions  msy  be  examined*  Either  one  may  be- 
lieve tbst  one  is  studying  all  tbe  variates  re- 
quired for  different  is tioo  of  occupations  and 
ask  if  there  Lb  any  real  basis  for  thinking  that 
certain  occupations  require  d iff* re 2!  -billies* 
or  one  may  believe  that  occupations  are  differ- 
ent and  ask  if  a certain  set  of  variates  are  the 
ones  in  tern  ct  which  tbe  occupations  are  dif- 
ferent* Discriminant  asalyaia  is  appropriate  to 
the  investigation  of  either  of  these  questions* 

Actually,  this  study  cost  neither  cl  these  con- 
ditions exactly*  However,  it  probably  resembles 
the  first  more  thorn  the  oecoad*  The  Airman 
Gasaificatioo  Battery  represents  sn  extensive, 
but  not  exhaustive,  list  of  variates*  Tbe  prob- 
lem involves  study  of  bow  extensively  these 
variates  figured  in  tbe  definition  of  the  spe- 
cial i^  »« 

As  of  1 July  1950,  there  were  some  6105  air- 
men who  bad  taken  all  tse  tests  of  Airman 
Classification  Bafcery  AC-l  after  15  November 
1948  and  who  wers  then  known  as  specialists 
in  oss  of  eight  Air  Force  specialties  because 
they  had  satisfactorily  completed  training  in  one 
of  them*  These  airmen  got  U>  be  the  particular 
kinds  of  specialist  they  were  because  of  ways 
in  which  they*  Indoctrination  Wing  counselors, 
sod  assignment  officials  coavined  iuawaiua 
concerning  themselves  and  the  Air  Force*  Dis- 
criminant analysis  provides  s means  of  studying 
bow  the  Airmen  Classification  Battery  pert  of 
this  information  was  combined*  No  cnee  is 
made  for  the  point  that  these  combinations  sod 
' the  sectioning  of  the  space  defined  by  the  com- 

binations represent  iss! tenable  definitions  of 
the  aptitudes  require  d for  each  of  these  eight 
specialties,  nor  is  say  cane  made  for  the  point 
that  an  airman  is  unable  to  perform  at  mors  than 
one  specialty*  However,  the  points  are  made 
with  considerable  emphasis  that  tbe  discriminant 
functions  of  this  study  represent  the  way  in 
which  these  6105  airmen  and  tbsir Indoctrination 
Wing  Counselors  sectioned  tbe  i 7 -dimensional 
Airman-Cl sssificatioo-Bsitsry-sp see  when  (seed 
with  tbs  problem  of  choosing  only  one  of  eight 
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specialties,  and  that  this  knowledge*  if  applied 
to  new  airmen,  would  provide  s tame  of  main- 
taining this  orientation* 


R.  ORIENT  ATOM  OP  THE  DISCS  DUN  AlfT  FUNCTIONS 


The  moot  striking  finding  of  this  study  has 
been  that  all  the  essential  information  concern- 
ing separation  of  17 -dimensional  centroids  of 
eight  groups  as  diverse  ns  clerk-typista;  sheet 
metal  workers,  aircraft  and  engine  mechanics, 
radar  mechanics,  and  weather  observers  was 
condensed  to  a two-dimensional  space  by  the 
airmen  and  Indoctrination  ti*  C o ease  lorn* 
Kelley  (i,  pp*  33— 34)  an  early  an  1935  suggested 
tbst  this  might  he  the  general  order  of  magnitude 
of  understanding  of  similar  situations* 

Some  ides  of  the  amount  of  attention  given  to 
cech  <4  the  17  variates  is  obtained  from  study 
of  Table  2*  The  largest  positive  coefficients  of 
Discriminant  Function  1 ore  for  clerical  back- 
ground, word  knowledge,  and  numerical  opera- 
tions, while  the  Largest  negative 
are  far  mechanical  background,  aviation  inform- 
ation, and  electrical  i format  ion*  Large  positive 
coefficients  of  Discriminant  FunctioQ  2 are  for 
radio  operator  backboned,  electrical  infar ro- 
ot ion,  memory  for  landmarks,  dial  and  table 
reading  and  sumrrtcal  operation*,  while  Urge 
negative  coefficients  are  associated  with  tool 
functions,  and  craftsman,  equipmert  operator, 
and  radio  operator  backgrounds* 

Ihc  nun  net  in  which  scares  of  individual 
airmen  ore  distributed  in  this  two-dimensional 
discriminant  space  has  been  sbown  in  Figure 
5*9  (Appssiix  C).  However,  ic  simplify  mstte r- 
for  this  discussion,  only  jp-oup  centroids  are 
shown  in  Fig  me  7*1  (Appendix  CV  This  chart 
and  the  discriminant  function  coefficients  sug- 
gest that  Discriminant  Function  1 reflects  me- 
chanical ability*  If  this  scale  is  reversed,  s 
procedure  which  bus  co  effect  on  separation  of 
the  group  centroids,  we  see  that  tbs  specialties 
ore  arran^d  in  the  follow  big  order  from  high  to 
low: 

Aircraft  and  engine  aaethaek 
Radio  mechanic,  and  radar  mechanic 
Sheet  metal  worker 

Control  tower  operator,  and  radio  operator 
Weather  observer 

** • -i  . 

These  specialties  are  quite  clearly  arranged  on 
s mechanical  vs*  nca-mecbanical  continuum* 
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Tbone  apeciaUiia  near  tbs  top  mqaire  mere  m- 
ckaaical  ability  tbas  tkow  mm  tbe  bottom* 
Clerk-typirta  require  little  mcbtakal  ability, 
if  any. 

Tbe  a pec  ini  tie#  are  arraaged  froaa  high  to  low 
on  Discrimiaant  Function  2 aa  followa: 

Radar  nmc  basic 

Radio  operator , aad  control  tower  operator 

Radio  oeebaaic 

Weather  ™taervsr 

Aircraft  and  engine  mechanic.  stri  c!erk-typisi 

Sheet  metal  worker* 

Thia  order  anggeata  aa  uaellectaal  dimension. 
Tbe  radar  mechanic,  radio  operator,  aad  control 
tower  operator  apecialtku  require  more  intellect 
thaa  tbe  aircraft  and  engine  mechanic,  clerk* 
typist,  aad  a beet  natal  worker  specialties* 

C.  EFFICIENCY  OF  THE  DtSCBDONANT  FUNCTIONS 

Tbe  a ire  of  tbe  latent  roots  reported  ca  page 
5 and  tbe  overlap  of  §yo«p  distributions  demoo* 
otntted  in  Figure  5*9  (Appendix  C)  and  Tables 
IS  and  K>  or o vide  evidence  of  t be  rather  small 
amount  of  group  separation  achieved  by  use  of 
tbe  Airman  Classification  Battery  fir  assignment 
of  airmen  to  tbe  eigbt  special  tie  a of  tbia  study* 
A fairly  considerable  scatter  of  many  abilities 
is  represented  by  airmen  wbo  have  satisfacto* 
rily  completed  training  in  each  of  tbe  nigh? 
spec  is  hies. 

0 943 LAB  GH  IMPLICATIONS 

Air  Force  and  civilian  peyckologiata  have 
spent  considerable  energy  in  tbe  dev*!rpioeiit 
of  teaU  which  are  related  to  donees  of  success 
in  various  jabs*  Tbe  pattern  for  this  type  of  re* 
search  was  established  ss  early  aa  World  War  L 
Of  corse,  tbe  rather  extensive  utilization  of  tbe 
factor  aaalyaie  concept  after  1930  baa  altered 
tbe  pattern  in  tbe  sense  of  suggesting  different 
testa  that  could  be  used  in  investigating  rela- 
tionships between  degrees  of  competence  witbir 
a job,  but  it  baa  not  altered  tbe  goal  of  eliminat- 
ing tests  that  are  not  related  to  tbe  with  in-Job 
competence  measures. 

Preoccupation  with  this  ptrpoae  and  the  lack 
of  a proper  method  of  analysis  have  caused 
psychologists  to  ignore  the  situation  with  which 
n vocations!  counselor  must  deal*  The  posse  at 
and  moat  important  responsibility  of  tbe  voca- 


tional counselor  Is  sot  that  of  jsdgiag  success 
on  s given  job  but  thst  of  judging  for  wbicb  of  a 
boat  of  jobs  tbe  client  has  tbe  requisite  apti- 
tudes* Discharge  of  tbia  ran  possibility  Involves 
tbe  assumptions  that  there  mt  s number  of  ibllh 
ties  of  hums  as  sad  that  different  degrees  aad 
combinations  of  them  me  required  for  different 
jobs.  Study  of  de^eea  of  success  within  each 
type  of  job  finishes  so  information  about  cone 
ptf  rJ  jobs  is  hvs  nf  abilities  required. 
Resets  to  wbicb  is  completely  oriented  in  this 
first  meaner,  as  it  almost  always  baa  bees,  may 
have  res  sited  in  a selection  of  variates  cat  ire  1 y 
different  Bom  the  ones  appropriate  for  differ 
eutiatiug  tbe  ability  reqairamsota  of  various 
jobs*  Therefore,  a thorough  examination  of  tbe 
psycbooetric  literature  needs  to  be  made  in 
order  to  introduce  for  re  consider  at  ion  those 
variates  which  have  bean  abandoned  because 
they  have  little  re  1st  loan  hip  to  de^ee  of  suc- 
cess within  a iob.  but  which  may  provide  impor- 
tant information  for  comparison  of  different  jobs. 

When  these  vsristes  have  been  recaptved, 
and  when  it  baa  been  established  that  people  in 
different  uhu  porfona  differently  on  variates 
used  frequettly  at  present,  discriminant  analy- 
ses need  to  be  made  with  more  variates  and 
more  jobs  thaa  those  of  this  study  is  order  to 
expand  understanding  of  how  these  variates  may 
be  coohined  for  maximum  job  distinction  with  s 
mi  a bn  urn  of  variates. 

Several  kinds  of  studies  could  be  made  to  de- 
termine the  reality  of  poup  ideality*  One  type 
of  study  xrculd  be  to  afford  tryout  experiences 
in  each  specialty  for  each  airama  ii»  order  to 
find  tbe  specialty  wbicb  is  considered  most 
appropriate*  Research  of  tbia  natm  would  be 
expensive,  of  course,  bat  It  would  probably  be 
the  most  valid*  A second  type  of  study  would 
be  to  assign  akmea  to  specialties  is  a manner 
such  that  group  homogeneity  of  discriminant 
scores  were  increased  and  to  atody  changes  in 
the  satisfaction  both  of  tbe  schools  with  the 
various  grasps  and  of  tbe  airmen  with  their 
assignment  a* 

Definition  ofjob  families  by  means  of  diacrimi* 
nant  analysis  promises  to  be  a much  sounder 
procedure  than  definition  is  terms  of  factor  struc- 
ture. Finding  tbe  members  of  one  specialty  group 
close  by  the  members  of  another  in  the;  discrimi- 
nant apace  suggests  that  so  far  a a tbe  teats  can 
tell  these  two  specialty  groups  me  indistinguish- 
able from  each  other*  A factor  analyais  of  each 
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might  yield  *ne  mum  factor  loading*  in  one 
a*  in  the  other,  even  though  the  teats  could  read- 
ily distinguish  the  two  groups*  If  the  tests  can 
distinguish  the  two  groups,  they  will  not  appear 
indiatinguiahabl  j in  the  discriminant  apace.  The 
present  study  suggests  strongly  that  radio  opei* 
otor,  control  tower  operator,  and  weather  observer 
specialties  are  jobs  belonging  to  the  same  job 
family,  as  judged  by  the  17  testa  and  in  the  set- 
ting in  which  the  testa  were  used.  Expansion  of 
discriminant  analysis  research  will  provide  a 
much  more  realistic  foundation  for  development 
of  joh  families  than  exists  at  present. 

In  this  connection  it  might  be  noted  that  mul- 
tiple discriminant  analysis  and  multiple  regres- 
sion analysis  represent,  in  certain  respects, 
complementary  techniques. 

SUMMARY 

}•*  to  nrnvtde  valid  iaformstioc  for  the 

guidance  of  individuals  who  have  not  yet  se- 
lected an  occupation  it  is  necessary  that  three 
questions  be  investigated.  These  are:  (s)  Do 

she  distributions  of  the  neveral  occupations 
occupy  different  regions  of  the  multivariate 
space?  (h)  If  so,  nay  the  distinctions  among 
occupations  be  described  by  a space  of  fewer 
dime  us  ions  than  the  original  one?  and  (c)  If 
Ac.  css  probability  statements  be  derived  which 
will  indicate  the  probabi!i;ies  with  which  s 
given  point  in  the  reduced  space  could  have 
been  drawn  from  the  distribution  of  each  occu- 
pation? Toe  multiple  uiAiriiuiuMui  cb" 

tained  from  Joseph  G.  Bryan’s  generalisation 
(l)  ot  R.  A.  Fisher's  two-group  djoennuoast 
function  provide  a means  of  answering  all  three 
of  these  qaestioBs.  Bryan's  method  defines  not 
owe  tkaa  G-l  discriminant  function*  when  the 
somber  of  poops,  G,  in  lens  tbaa  the  number 
of  variates. 

A study  was  made  of  6105  airmen  who,  prio.  to 
1 July  1950,  had  satisfactorily  completed  train- 


ing in  one  of  eight  Air  Feres  specialties.  These 
airmen  were  clrssified  into  such  diverse  special- 
ties as  airplsns  shsst  metal  workers,  dark- 
typists,  aircraft  and  engine  mechanics,  and  radar 
mechanics.  (A  complete  list  of  specialties  is 
given  on  page  4). 

Each  airman  completed  all  teste  of  Airman 
Classification  Battery  AC-1.  The  airman  chose 
hb  apecblty  In  coanoitatioo  with  as  lodcccr 
patina  e otMolor  who  had  access  to  the 

aptitude  Indexes  sad  teat  scares  of  the  Airman 
Classification  Battery. 

Multiple  diaerfminant  analysis  of  these  dais 
revealed  that  essentially  all  the  information 
concerning  separation  of  the  eight -epee  laity 
centroids  In  tbe  1 7-dime  ns  baal-Airman-C loss i- 
ficotioa-tiattery  apace  b described  by  two 
linear  combinations  of  tbe  17  variatea.  The 
remaining  five  a mong-means-of-groupa-to-with in- 
groups ratios  were  negligible  in  romparbon  to 
tk*  firm!  two.  The  two  functions  seem  to  re- 
present mechanical  ability  and  intellectual 
ability. 

Two  discriminant  scores  were  computed  for 
each  airman.  Study  of  distributions  of  the  two 
scores  for  each  spacialty  revealed  that  an  as- 
sumption of  bivariate  normality  for  tbe  discrim- 
inant score  distributions  was  tenable  for  all  but 
tbe  aircraft  and  engine  mechanic  apecblty.  De- 
spite this  o:w  eveeptba,  cento's  scores  were 
computed  for  each  group  upon  tbe  assumption 
that  tbe  bivariate  discriminant  scare  dbtribo- 
tioos  of  each  ^osp  are  normal.  A centour  score 
is  s i auction  of  ibo  pfoimLUi;}  that  a given  pair 
of  discriminant  scares  comes  from  s particular 
apecblty.  These  scores  would  be  exceptionally 
helpful  fet  career  guidance  of  new  airmen  except 
for  tbe  !•*«  overlap  of  the  ebhi  groups  in  the 
Airrran-Classificstion-liattery  space. 


Uanutcript  received  10  June  l9Si 
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APPENDIX  A 


MULTIPLE  DISCRIMINANT  ANALYSIS* 


I.  CEWEHAL  DESCHIPTION 


A •criminal  analysis,  i.e  by  roaxnci  nation  of 
the  ratio  A where 


Let  XpSj  denote  the  value  of  the  j—  variate 
(j  - I,  2,  ....  o)  of  the  p-^  individual  (p  - 1,  2, 
...,  Ng)  in  the  $ ^ group  (g  - 1.  2,  ....  C)  where 
G<n.  U about  loan  of  generality  we  may  define 
tbe  \pgj  no  that 

2 2 Xpgj-0  I*') 

* p 

for  all  valrea  of  j.  la  general,  separate  group 
means  aucti  aa 

i 

X«i  “ N.  - U2l 

P 

‘to  not  vanish. 

A linear  function  of  the  Xj  sack  an 

X ■ V|^J  + vi^i  4 •••  4 ym^n  l?.J] 

would  have  aroup  m^ana  oi 

Y#  * N_  2 Vnr  l?.d] 

w n ,w 

wWe  jrpg  ia  the  vaioe  of  the  linear  function  for 
the  p-h*  individual  in  ih-  git  group.  Because  of 
the  restriction*  defineo  by  equation  l2./i,  the 
among  means  of  groups  sum  of  squares  of  y !s 


A 


n.  ?,* 


^ ^ ^>pg  “ >it^ 


* p 


12.7] 


The  function  A has  several  extrema  each  of 
which  ia  indicative  of  a distinct  dimension  of  the 
subspace  defined  by  the  group  means.  All  dis- 
criminant functions  are  obtained  from  tbe  same 
initial  ratio  A (1,  pp.  132  — 138). 

Maximization  of  A ia  accompliabed  by  a corn- 

; — - t * a. . 

y uiailvii  vi  %»»v  %. . . «■>  mm  v.  h.  — ■*-  

meara  of  groupa  sum  of  squarea  and  decrease  in 
the  within  tpoupa  anm  of  a qua  re  a.  Therefore, 
tbe  linear  functions  defined  by  tbe  discriminant 
analysis  criterion  provide  as  much  separation  of 
group  centroids  as  ia  possible  within  tbe  re- 
striction of ‘having  the  groupa  as  homogeneous  as 
possible.  The  utility  for  group  classification  of 
hseisss  with  this  property  ia  obvious. 

Manipulation  of  the  quadratic  forma  of  the 
variates  required  for  discriminant  analysis  is 
facilitated  by  use  of  matrix  algebra.  Therefore 
let  us  define  the  symmetrical  matrices 


A-  N 

I Ne  Xsi  Xg)  - •jj,  (i.j  ■ 1.2,-. ,n);  12.8] 


1 N*>g • 

« 


l2.5j 


Th f within  group,  anir  of  aq>nr-a  i» 


« . 


• w; 


l X (Xpgi  - Xgl)  (Xpgj  - Xg,)  - 

,p  G.j  - 1.2,...,  n); 

nud  (be  coiuaui  view 


12.9] 


^ 2 (ypg  - yg)2.  1 2*6) 

Tbr.  coefficients,  Vj#  v2?  ♦ va  of  y ore 
defined  bv  Fisher's  (2.  do.  179—188)  criterion  of 


*ThU  «**«sdtx  is  m r*f*ud»eif»«  at  Cb*ater  2 at  Iks  torn* 

pl«l«  import  (10).  li  is  labelled  **App«&t(x  A**  im  this  com- 


v - tv|l  , (j  - l.Z  *••»  a ) . 12.70) 


In  this  notation  equation*  fZ6l;  and  f 2.?! 

may  be  written  as 

2N*y*J"v'Av-  I2.5] 

1 


2? 


lZ(ype-y,)1- v'lv,  [2.6] 

£ P 

ud 


It  has  bean  shown  (1,  pp.  121  — 132)  that  the 
matrix  equation  defining  iha  mtdr  v is 

(v  TIv)  Av  - (a  'A v)  Wv  • (X 
This  may  Le  rewritten  aa 


II.  CENERALJZ£D  COMPUTATIONAL  PI OC ED UHL 

Qryao  (l#  pp.  139-147)  haa  demo  a at/at  ed  that 
the  Ideal  roots  and  vectors  of  the  matrix  R may 
be  compiled  in  the  following  manner: 

1.  Compote  elements  of  matrices  A and  W 
from  the  original  data. 

2.  Partition  A into  four  parts: 


A - 

An'  am 


(a  - ad  v - a 

Defining 

R * ff  AA, 

this  becomes 

(R-Al)v-O  [2.1D 

where  I is  the  unit  matrix. 

The  coefficients  of  the  discnnuaaat  fane  lions 
are  determined  by  the  latent  vectors  of  R,  end 
the  corresponding  latent  roots  of  II  equal  the 
respective  ratios  of  amoag-groaps  to  within- 
groups  soma  of  squares.  By  coo  ride  ring  the  rank 
n!  the  matrix  Av  it  is  a simple  metier  to  show  that 
the  number  of  solutions  of  12.//)  such  that  ArO 
in  at  most  equal  to  the  smaller  cf  the  two  integers 
C— l,  and  a.  ConaeqasaUy,  letting  r stand  for 
the  smaller  number,  the  Lrtal  discriminative 
power  of  the  variates  is  exhausted  by  r linear 
fund  ions  defined  in  the  manner  elated.  Among 
these,  all  functions  corresponding  to  distinct 
values  of  A are  ua correlated  as  they  stand.  Re- 
peated ro  4a  otW  than  zero  are  possible  but 
unlikely  to  occur.  If  one  or  more  multiple  roots 
should  occur,  however,  the  vectors  corresponding 
to  any  one  of  them  are  already  un correlated  with 
the  vectors  cur  responding  to  al!  different  roots 
and  <**n  be  chosen  in  such  a way  as  to  be  no- 
rorr elated  among  themselves.  The  numerical 
values  of  these  fund  too  a pre  independent  oi  the 
origin  of  coordinates,  the  units  of  measurement, 
sad,  in  fact,  independent  of  ary  a on -singular 
linear  transformation  of  the  variates  (1,  pp.  138— 
1 39). 


where  Ajj  is  rxr,  A 1*  rx  (n-r),  and  Ajj  l0 
(n~r ) x (o-rX  The  rank  r of  A cannot  exceed  the 
smaller  of  the  two  integers  G-l  mad  n.  Now  if  n 
;s  aubatantially  greater  than  G-l  (aa  was  tbe 
case  here),  considerable  computational  saving 
ccs  be  ob^iuad  by  condensing  R into  a matrix 
of  lower  order  having  r rows  and  columns,  hor 
simplicity  it  has  been  assumed  that  r - C-l,  but 
this  is  not  crucial,  for  if  r<G-l  (mathematically 
possible  but  statistically  improbable  if  n>G-l) 
the  working  directions  still  apply  except  that  r 
most  be  interpreted  ns  tbs  Use  rank  and  A j ^ must 
consist  of  r linearly  independent  rows  and 
colunot.  Bryan  haa  shows  thst  the  latent  roots 
of  the  condensed  matrix  are  the  same  as  the 
oon-vaaishing  roots  of  R,  and  the  corresponding 

latent  vedors  am  simply  related  to  those  of  R 
0,  pp.  142-147). 

3.  C'wnnoie  the  matrix  B s An  by  the 

modified  Croat  method  described  in  Appendix 
C of  the  complete  report  (10).  Set  up  the  initial 
matrix  M thus. 


When  the  auxiliary  matrix  is  computed  according 
to  the  modified  rules,  B sppegra  aa  the  lower 
right  head  panel  (set  off  by  dotted  lines).  The 
matrix  B is  ooed  to  condense  R.  This  is  possible 
because  the  fad  that  the  isck  r oi  A tu  !«»• 
o implies  linear  dependence  such  that 
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4.  Write  four  tranaiormatioa  matrices  as 
follows; 


il  IVriye  as  iat-medisie  matrix  P*  - H#  W 
i!*.  1**  £tu€«^€ • the  1 c« cr  "y»S  ■Slid  psssi  — - 

the  matrix  when  the  modified  Croat  auxiliary 
method  is  applied  to  the  matrix 


r r . , /•  IH  A 

U.  LiUiupttt6  v “ * '*1  ] 


i • : *: n# 

-***•-  ^ «M  »»M  VM  y 


the  parts 


r: 


7.  Compute  the  characteristic  equation  sod 

muI  ,wUiy.fOjj  as  fofbHP! 


Starting  with  s two- element  row  vector  fj,  the 
elements  of  which  me  always  known  in  advance, 
one  ge  sera  tea  a matrix-vector  aeqseoce  Bj  * f2  t 
Bj  # fj  |M.,  B|  t ^ by  matrix  multiplication  and 
addition.  The  elements  of  the  final  v actor  fa  are 
the  cosfficisnts  of  the  chnrncteriatic  equation, 
while  matrix  B*  immediately  preceding  k fur- 
nishes the  latent  vectors.  Vs  shall  define  the 
initial  vector  f|  presently;  fer  the  moment  let  at 
see  how  one  member  of  the  sequence  is  evolved 
from  Us  predecessors.  Tkrougho*  thin  sahseeboo 
ws  shall  observe  the  convention  that  r,  a,  t,  de- 
note consecutive  i at  eg  era.  that  ia9  r * • - 1, 
t • a ♦ 1. 

Let  Af  denote  the  aahmatnx  comprising  the 
first  a rows  and  col  am  as  of  the  nxa  matrix 
A « |s|j | . Partition  A.  into  two  panda;  one 
denoted  by  and  including  ka  first  r rows,  the 
other  denoted  by  ^ and  oonai sting  of  ka  Inst 
row. 

Symbolically, 

A*“  |*U|  ij  ■ 

or,  in  petitioned  form. 


^s- 


l-l 

Now  by  the  definition  we  choose  to  adopt,  the 
row  vectors  ffc  always  have  k+1  dements,  so 
that  ^ has  a dam  am  a 4j#  j • 1,2,..., a. 

Is  new  state  the  rale  by  which  and  f* 
va^2)  me  found.  The  iasi  row  of  Bs  is  simply  4; 
the  first  rolmm*  of  Bs  is  filled  in  by  erecting  a 
vertical  array  of  r zero  element  a above  the  first 
element  of  4 . Let  *bj  denote  the  jib  column  ol 
B».  The  bottom  element  of  each  column,  being 
an  dement  of  4*  is  already  given.  We  need 
therefore  determine  only  the  varUcd  many  of  r 
elemetSa  above  4.  This  vertical  arra)  is  found 
by  the  recurrence  reiatioo 


First  r elements  of  *bi  • *b{-i . i » 2,3,  ...  , a 

$ • 

First  r elements  of  *bt  « 0 


introducing  the  axl  null  vector  *bo  ■ 0 for  ail  a, 
we  arrive  at  f«  by  the  rale 

fai  * «a*kj-l  ~4j  j - 1»2, ...,a 
Li  - a„*b* 


i 

* 

i 

4 

3 


1 


i 


^mrnum 


It  remains  to  state  the  definition  of  fj.  is 

‘i-('i  •n) 

The  definition  ^ is  precise  ns  stated.  For  those 
who  ptefer  completely  symbolic  definitions,  the 
role  for  Bt  is 


•bj  - 


j m 


where  *bo  - 0 (l,  pp.  80-81). 

8.  Obtain  the  latent  roots  of  the  characteristic 
equation  by  the  Btrgc-Vieta  process. 

9.  Let  the  latent  roots  of  Qji  be  Aj.  j - l,  2. 
— • r and  define  the  rxr  matrix 

t.  - | l«-l|  4 i m I 3 

I 1 I 

where  i stands  for  ths  row  index. 

10.  Premultiply  L fay  Bf  and  call  this  resull 

S*. 

11.  Compsts  J #Q#S#  and  coaveatioaalixe  the 
result.  The  columns  of  this  matrix  pvs  ihe  co- 
effioenta  of  ths  r discriminant  fasctasss. 

This  tontine  is  illaatrmtsd  is  Sections  C ssd  E 
is  this  ^peadix  sad  by  the  msjc*  example  on 
pages  10-17.  Detailed  comparing  iastruerisas 
ssd  work  sheets  urw  giv^n  is  Appendix  C of  the 
complete  report  (10). 


hi.  rxtmaxnoit  or  dbcrmnaxt  analysis-* 

TWO  CROUPS  AKD  THREE  VARlATEa 


The  scores  of  dark* typists  (comae  nndber 
40501)  ssd  radar  mechnaics  (coarse  nomher 
77501) 1 os  the  »«di«eicel  key  of  the  Biogrw 
phi  cel  Inventory  (XA  the  BscHicsl  lxfonsstioo 
test  (X]2)t  rod  ths  Tool  Function  test  (X|&)  wers 
selected  t n HlustrsU  Aecrimiatfit  ftmctioo  com- 
potations  in  this  simplest  ease*  two  troapi  sod 
three  variates.  These  groups  and  variates  were 
chosen  because  the  data  showed  ooeaideraUe 
promise  of  providiag  discrimination. 

The  esse  o{  two  groqpa  is  most  easily  hsndlsd 
by  Fishervs  multiple  regression  method,  hut  os 
an  introductory  eiaayle  of  the  general  technique 


^Qfik-TryUta  wm  LUC  C«4«  B m4  r«4«i 

■ •ctiftiei  EMC  C«4«  B. 


it  seemed  desirable  to  keep  the  ■ omen  cel  work 
et  a minimum.  It  h^>pens  that  aoma  of  ths  com- 
piSational  steps  ^csvoidnbly  ^ipear  roundabout 
or  unneceasary.  Ibis  ia  <fca  aolely  fto  the  trivial 
nature  of  the  two- group  caae. 

The  ckacriaiaaai  anal  y si  a routine  is  ss  fol- 
lows: 

l.  Compute  Sums  of  Squares  and  Cross  Products 
CL  XpgjXpgj)  foe  Each  Group 

P 

By  progressive  digit  mg  of  the  IBM  cards  cone 
pute  the  sons  of  squares  and  cross  products  of 
the  vans  tea  CL  XpgfXpgj).  The  values  are  ss 
follows:  ^ 

Va if 


Gf»s 

2 

12 

1$ 

B 

41327 

47413 

41359 

2 

H 

4433 

$441 

4442 

S_ 

46160 

S3  2*4 

46:<01 

B 

47313 

HA*** 

*»*.. 

12 

H 

$441 

6329 

5736 

W 

$3294 

71309 

60171 

IS 

B 

U 

41359 

4442 

Sf  435 
$716 

50944 

5245 

Smm 

44201 

69171 

56229 

2.  Determine  the  Sum  of  Scores  (X  Xpgj)  for 
Each  Croup  p 

Is  progressive  dig)  ting,  the  final  ram  of  each 
run  of  the  IBM  cards  gives  the  sum  of  scores 
(X  Xpgp.  The  values  are: 

p 

Vftw 

2 

1 4 

13 

N 

• 

B 

1137 

10404 

9146 

1966 

ll 

677 

7*7 

701 

99 

9014 

11403 

9987 

2065 

3.  Compute  Matrix  A 

a xpgl)  a Xp8j> 

For  each  group,  compute  P. 

for  all  ooa4>inatioas  of  i sad  j. 

Sid  ifaeve  products  for  all  groups  gelling 


ovutput  e 


® Xpg|)  CL  Xpgj) 

P P 

L J 


a i xpgi)  a s Xp-.) 

St  S P 
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The  element*  *|j  of  ibe  A matni  are  then  defined 

by 

“ij  ■ nj  - »ij 

The  result*  of  tbcs6  eoapuUlioD*  are  a*  follow*; 


VhU*i 


2 

12 

15 

B 3S2SS.799I 

4S*25.«1S9 

39378.1190 

il  4629.  S8S9 

5450.1919 

4793.7071 

2 

'ii  ir^z.uzo 

51274.0078 

44171.8261 

% 3^^7.3104 

5064*.  6402 

43594.5850 

V*1J  636.0-46 

62S.5676 

577.2411 

B 46*25.  *1 69 

S9596S249 

SI0S9.9M9 

H S4S0.1919 

64 16. 2S  25 

5645.4040 

12 

*2.  S 1 274.007* 

6S*  10.7774 

56685.3400 

*1}  S0MS.6401 

66195.9566 

S4U4.SI4S 

63S.M7C 

614- *40* 

567.5244 

B 39578.1190 

51059.9569 

43*60. 3270 

!1  4795.7071 

5645.4040 

4953.6465 

IS 

t.  *4171  SMI 

Si 

56685.5409 

48*24.1735 

• (>  ISSM-USO 

S6US.8165 

48300.5240 

V*3|  577.1411 

567.5244 

325.8495 

For  convenience  matrix 

A i*  recopied  here: 

Vcriti* 

2 12 

is 

S- 

2 

^36.0746  62S. 5676 

S77.24U 

1 £56.6353 

12 

673.367*  614.8408 

56?.  5244 

1*07.7128 

IS 

S77  24U  5*7.5244 

523.8493 

16686150 

Si«i  lftte.r.63*  l*n-.T520 

1666.6  ISC 

5315.0311 

A. 

Compute  Matrix  T 

For  each  group  compute 

and  record 

N*  £ XPC*  XPtl  “ ^ XPC»*  ® XPCJ* 

g E fc 


for  «ll  pair* 
ibe  <qreupc. 
Result*  are 

of  i and  }.  In  each  el  ament  aum  over 
Tbia  element  ia  wjj  of  (be  V matrix, 
aa  follow*: 

B 

2 

$973.3009 

12 

19*9.1841 

15 

.980.8810 

m 

a 

a 

203.414  * 

iw.owet 

4e.  29/v 

Sm 

6176.6150 

2019.9922 

2079.173V 

B 

1989.1841 

5565.4751 

3395.0631 

12 

11 

SO.  SMI 

112.7475 

92.5960 

Suo 

2010.9922 

5698.2226 

3487.6591 

B 

19*0.8810 

3395.0631 

7123*4730 

IS 

H 

48.2929 

92.5960 

281.5535 

S« 

2029.1739 

3487.6591 

7404.8265 

For  soaveaiaace  aotria  W i*  re  copied  tara: 

— 


2 

12 

15 

Sm 

2 

6176.6150 

2019.9922 

2029.1739 

102237*11 

12 

2019.9922 

5698.2226 

34*7.6591 

11205.8739 

15 

2029.1739 

34*7.6691 

7404.  *165 

12921.65*5 

10225.7811 

11205.8739 

1792L6S95 

34353.3145 

5. 

Compute  Matrix  J as  a 

Cheek 

Compute  and  record 
‘ij  " 

a n€)  a x xpgi  Xpgj)  - a x xp,o  a x xPf  ,> 

C C P CP  CP 

m; 

ft 

lor  ail  comaiM  .-fr  ’ i aoa  y Add  and  record 
•ij  aod  w|j  fawn  (be  A mod  V me  trice  a.  As  • 
check  tjj  - *jj  ♦ wj j*  Result*  are  ••  follows: 


Ycriaia 

: 

12 

2 

1 

6*  12.6096 

2643.3598  26*6.4150 

II 

681 2.6896 

2645.5598  2606.4150 

L. 

63)3.063  4 4055.1835 

V*« 

2645.3598 

6315.0634  4055.1835 

15 

t.. 

2606.4150 

4055.1835  7928.4760 

2606.4150 

♦OSS.  IMS  7*1*.  67*0 

6. 

Cotmpate  Matrix  8 

.nnce  r - 1 

f the  aubmatricea  An  and  Au  are 

i 

*n  - j 

631x9746 j 

and 

* 

au  ■ j 

635.3676 

srr.i*uj 

The  initial 

matrix  for  the 

Croat  ooaj>atatianal 

method  of  determiaiqg  B • A 

Tl  A12  imi 

636.0746 

625.3676 

577.2411 

l . 

• 

i o 

0 

1 he  Ooul 

computational  method  ^ yields  the 

following  modified  auxiliary  matrix.: 

636.0746  0.983167069  0.90750634*  2.190671416 

1. *90671416 

I 0.903167069  0. 9075953*6  1.890672416 

L 890672415 


Apy^idli  C of  co^loio  rc^n  (10). 


3] 


of  which  the  lower  right  hood  comer  is  B or 
B - (0.958167069  0.90750*346) 

Therefore 

B'  - (0.953167069] 

|j>.90750334$J 

7.  fn‘t«  tAe  Transformation  Matrices  )\  J \ Hf 

H % okA  H * 

la  ec^urJitnce  wilt  tb«.  dcflniboae  of  Section  U, 


Accordingly 


r - 


0.000156009 

0.000107153 

(0.000040961 


Compare  tAe  Matrix  (j* 

0*  ie  competed  by  post-multi plying  P*  by  Aj  j# 
tbua 


1 

1 1 

0 0 

a 000156009 

0.1 61640530  jj 

J - 

| -C.963 167069 

1 0 

0*  - 

a 000107353 

1 <34*07 4(1  - 

0.065140147 | 

1 

[ * 0.907505346 

0 1 

i 

1 

1 

0.000040962 

|0.026054704j 

J'  - 

1 

0 

-a 963167069  • 0.907505346 

1 0 

j in  this  esse  the  first  element  of  Q* 

matrix  Ql  j,  i.e«: 

is  tbe  seb- 

0 

0 1 

i 

i 

°u  - 

^0.16»40*10  | 

ll 

0.963 167069 
a 907505346 

1 

0 


0.963167069 

0.907505346 


0 

1 

0 

a 963167069 
1 


C I 

0 

1 


0.907 30 S3  46 
0 


10.  Derive  Characteristic  Equation  and  Latent 
Vectors  of  Qjj 

The  coefficients  of  the  characteristic  equation 
ere  determined  by  generating  Brys»#*  ’matrix- 
vector  sequence  outlined  in  Section  B of  this 
•ppvnuiju  iiowim,  in  this  case  uic  sequence 
degenerates  into 


f. 


(•1 


0.1G2G40S30) 


Thus  the  cbmacU/isbt  equation  i» 
A *0.162040530  » 0 


& Compute  the  Maoix  P * 

Irooi  which  it  is 

np areal  that  the  root 

is 

Tbe  initial  matrix  for  tbe  Croat  computational 
method  of  determining  P*  in 

m m 

A • 0.162C405 30 

The  matrix  L is  therefore 

!*  H* 

L » 

hi 

“'I 

I 1 

1 ti  0 i n 

1 ;!  , . 

For  this  problem  the  nnrrbera  fur: 

6176.6130 

2019.9922 

2029.1739 

1.0000 

10236.7811 

2019.9971 

3695.2226 

3447  6391 

0.963167069 

1 1206.557067 

2019.1739 

3487.6391 

74054265 

0 <*7505346 

12922.567005 

1 

0.963167069 

0.90750S346 

0 

2.890672 

0 

1 

0 

0 

1 

a 

0 

1 

0 

1 

Sara  10226.7811 

11207.837067 

12923. 54700S 

2.8<H*,7:«1S 

'He  modified  auxiliary  is: 

>^i 

Ch«ck 

6l?4.2  1 30 

0. 37^0?  9710 

0.328525236 

0. 000 1C  1901 

1> *55725847 
0 655725847 

2019.9922 

S037.6069S6702 

0.360591’,  08 

0.000130246 

1.560721954 

0.560721954 

2029.1739 

2824.040683378 

5155  057874SS2 

0.000040962 

1.000040962 

0.000040962 

1 

0.656UR3S9 

0.21 115VW3 

0.000256009 

0.000256009 

0 

1 

-0.S60S01708 

0.000107283 

0.000107283 

0 

0 

l 

ft  AAAAjAOA** 

A /ywuMv/  <■» 

Sw  10326.7511 

7863.303770439 

5155.708442837 

0.000404253 

Check  10226  7811 

7863.303768673 

5155  708440562 

0.000404233 
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& 


/ 


•ad  the  product  B,L  i«  also 

B,L-  (l  $ 

•ioce  Bj  « 1 Thun  S>  • | 1 | also, 

11*  Compile  ike  Matrix  Z 

To  compote  Z#  poatmultipiy  0*  by  $*  getting 


l - 

0. 162440540 1 
0.06434014? I 

1 

0.024064704 1 

ICL  IA*ft404$ol 
1 0.0643401471 
|0.0M0S4?0i| 


12a  Compile  the  Matrix  V 

To  compote  V,  poatmultipiy  J'by  Z gettieg 

Ii  -o.tetuTOoo  -owsosial  Ijoaemossol 

0 1 0 | | o.  <*4240147 1 

0 0 1 I I 0.026054704  J 

10.07)104302 1 
0.044240147 1 
0.024054704 1 

13.  Conventionalize  V 

Yhe  conventionalised  coefficients  are  deter* 
mined  by  dividmg  encb  element  by  ibe  I nr  gent, 

i.e.  OJ0721043O2.  Tbia  given 

1 1,000000000  y 

0.9444 044 IS  I 
4.44 1247 427  | 

14*  Verify  Re  $ alts 

To  verify  rennltn  compete  V 'AV  md  nee  if  it 
equal  a AVTV.  U tbia  cane  V'AV  « 3244.223888 
and  AV  TTV  • 3244.223927  which  a^se  within  the 
nigmificaace  of  tbe  digits  which  were  carried  in 

computation. 

iv.  pnoparrxsiALxnr  of  dsczlognakt 

AND  4ZGHCSS10N  FUNCTIONS 
IN  THE  TWO-GROUP  CASE 

In  tbe  cane  of  two  groups,  it  in  poaaible  to 
treat  tbe  group  danaification  aa  a criterioo 
variate  by  anaigaing  *rh itrary,  bet  dilfar  nt9 
valuea  to  membership  in  each  pc  up.  After  tbin  in 
done,  discrimination  between  group*  may  be 
accomplished  by  determining  tbe  linear  com- 
pletion of  tbe  *j  (j  • 1,2,...,  n)  variataa  wbicb 
ben  tbe  lug  ben:  comlaioo  with  tbe  criuriui. 
Tbin  any  be  done  by  any  one  of  aevnrnl  wayn  of 
computing  tbe  coefficient  of  a mnltipla  mgren- 
aion  equttion.  Fiaber  (3,  p p.  376-386)  ban 
shown  that  tbene  coefficienln  are  proportional  to 
tbe  coefficienln  of  the  discriminant  function  for 
tbin  C4i<.  Since  Ibn  proportionality  factor  dona 
sot  affect  discrimination,  discriminant  and  m- 


gmamoa  anaiysse  lead  to  mmiiar  daeaiHratioa 

of  iadivideaie  in  the  two -poop  case,  foe  aoa- 
applicability  of  regression  caalyntn  to  problna 
i a wiving  mom  than  two  group#  in  obvioin 
In  order  to  illnnUrate  tbe  proportionality  of  the 
multipin  regression  function  to  tbe  discriminant 
function  in  the  two-group  cans,  tbe  mjpanaioa  on 
lb«f  gmqp  variate  of  tbn  name  three  variataa 
wbicb  were  used  in  the  preceding  section  wan 
competed,  i'nln  tor  calculation  of  tbn  correlation 
matrix  am  given  in  Sabnnctions  C-2  and  C-6  of 
tbin  appendix.  Tbe  corral atioan  are: 

VMnf  1 U U Orem 

2 0.404371640  0.44444440*  -CL 404441744 

12  •-  0.474174774  -0.412076443 

IS  - - -C. 24 7041401 

Orem 

Tbe  abbroviatad  Doolittle  aetbod  (regular 
Cron  auxiliary  matrix  followed  by  back  solution) 
yialdn  tbn  following  regression  coefficients  for 
predicting  group  membership: 


Btiw.rt..  Citgdwl 

2 

Oi 0144641 11 

12 

0.023584442 

15 

a 004425045 

la  conventional  form  time  coefficients  be- 
come 

L. 00000000 

0.44440402 

0.44144774 

wbicb  ag  ee  with  tbe  coafficiaats  in  nubnnctioa 
G-13  to  tbe  fifth  place  and  demonstrate  tbe 
proportionally  of  dinfTwanPit  and  ragraanioa 
nnniysen  in  tbe  two-group  cans. 

V.  ILUJSTIATION  OF  DISCI  HUN  ANT  ANaLTS®- 
THU  El  tmrjtrps  AND  FOUR  VARIATES 

Tbe  two-group  and  three-variate  illnatmtion 
presented  in  Section  C bad  only  one  discriminant 
function,  as  in  to  be  expected,  and  resulted  in  a 
degeneration  of  Btyan’a  procedure  for  determining 
tbe  ch  era  c ten  otic  aquation*  Tbe  simplest  illas- 
tratioa  having  poteotid  multiple  discriminators, 
two  to  be  exact,  and  requiring  Br /aa'a  procedure 
for  calculation  oi  ibe  characteristic  equation  is 
tbe  th re o* group  and  tour- variate  case.  Since  aa 
illnatrafioo  of  tbia  case  wrn  given  by  Bryan  in 
bin  dissertation,  it  in  reproduced  bam  in  place 
of  ooe  wbicb  could  have  been  computed  for  Air 
Force  data* 

Tbe  Kuder  Preference  Record  wan  given  to  c 
jpoup  of  Harvard  student  a in  tbe  middle  of  their 


i 


m 

w 
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Irmhmm  year.  At  the  and  of  the  year,  the  freah~ 
mm  chose  a field  of  concentration  without  being 
is  farmed  of  their  •core*  oa  the  Kedar  Prdfareacs 
Record*  Sophomore  grades  in  the  field  of  cuo- 
caatratioe  were  need  in  classifying  these  etu- 
de ate  m sac  easeful  coeefUnurv  is  one  of  five 
luckft.  la  hie  illustration,  Bryan  chose  four  Kadar 
Preference  Record  scores,  computational  (X j), 
ecieotific  (Xj),  literary  (X3),  end  mosical  (X4) 
and  tires  fields  of  ooscestratioa,  social  r el  dices 
Jgroup  1),  ecoaonice  (groap  2),  asd  gpvemmeet 
(group  3), 

The  computational  routine  was  ae  follows: 

1.  Compute  Matrix  A 

The  fire  step  is  deriviag  the  three- poop 
Ascrisuesat  fanctioos  is  to  cal  cal  ate  and  check 
the  elements  of  A end  V*  To  be  sere,  Ae  an  Ame- 
tic  can  be  ahortened  if  Ao  el  emasfs  of  A ere 
arrived  at  by  sahtiacting  V from  T,  bet  A is 
pro  cod  we  sacrifices  tbs  check  available  through 
aa  A depea  deal  ds  termination  of  aaah  bjUtul 

The  eleuiauta  of  A are  competed  independently 
by  Ae  pivcM««  iz  Ssbscciics  C-?  *f 

thin  appaaAx.  Since  this  method  ha*  been  illoa- 
trated previously  and  00  change  io  procedure  is 
required  for  this  illustration,  only  Ae  Araalrix  is 
recorded  (i,  pp.  171—174). 

It  is: 


4.906175 

0.051976 

-1.30616S 

-atsmi 

0.051976 

4.193951 

>5111969 

0.364609 

-1.106168 

>2.111969 

1.609709 

0.036039 

-0.65  7741 

0.28480S 

0.026019 

0.105902 

Brya  Avided  each  stem  eat  is  A by  1000  and 
••ch  »l«wi«et  in  V by  lOOOd  For  simplicity,  be 
stall  designated  the  reset  nag  matrices  as  A and 
V.  As  s result  of  ibis  operation  As  computed 
latent  roots  will  be  tea  times  their  sctosl  value* 
but  the  l*sat  vectors  will  aot  be  altered. 

2.  Compute  Matrix  W 

Bryas  ooepUed  matrix  V by  Ae  procedure 
described  asd  illustrated  io  Sobsectioe  C— 4. 
Since  As  sdAtioa  of  a group  ssd  s variate  does 
not  alter  Ae  general  scheme  of  computation  only 
matrix  8 is  recorded  here  (l,  pp.  173—174).  It  is: 

2.S1U92  Q.9UBT2  O.moio  >0.43*12*  I 

w 0 954858  3.907582  *1.052430  -0.66636ol 

0.151950  *1.052410  5.107310  0.29342l| 

-0.436128  *0.*66360  0.291423  1.7381  IS  | 

3.  Compute  Matrix  T a*  a Cheek 

I Sr  matrix  T wee  computed  mm  described  mid 
illustrated  in  Subsection  C-5.  Checks  were 
epplied  by  determining: 

Mj  - »«J  ♦ w|J 


i 

i 


Tk.  ial.rm.tlMi  U SaitMIlmi  E — 4 ikiMp  E— 12  It 
prscUctl  r • v«rfc«tla  (m  Qryaa't  diiMititiM  %1,  VP- 
l?5-i§0)  ^{{41  *4tl««c  I1**  8sss  p«r#sfm»4  km  ud  Ui«r« 
Is  tl«  •lyls  with  tlist  of  ikii  rtfori 


The  qws erica! 


^cm  mm  as  follows: 


INITIAL  MATRIX  FOR  P* 


0.VMCM 

0.1*1910 

•C.4M1U 

1 

° l 

&«M*U 

*.407*41 

-1.0*14*0 

-4.664*40 

0 

i I 

0. 151910 

•j.omio 

M 07410 

0.294411 

-0.160196 

4.MU6TI 

-0.4*611* 

-ft  49696ft 

0.191411 

I.TUlll 

-0U4T77 

1 

0 

-0.1*0196 

-0.114777 

* 6 



0 

0 

\ 

-0.548367 

0.064827 

: o 

0 i 

0 

0 

1 

0 

: o 

° 1 

0 

0 

0 

1 

: o 

° 1 

2.5U591 

0.340140 

0.060444 

0.954459 

8.544564 

-0.313107 

0.151910 

-1.11*14* 

4*750405 

•0.4*4124 

•0.500*53 

0*168025 

1 

-c.  380140 

-0.6*9755 

0 

* 

-0.235  W0 

0 

0 

1 

0 

0 

0 

Accordingly 

1 0.479540 

-a  045451 

• 

P * 

1 -0.045451 

0,311647 

1 -0.092A79 

A6U1U 

| 0.000172 

0.134994 

7.  Compute  the 

Matrix  Q* 

• • 

• i 

Q - ? A - P 

14*906175 

a 053976  1 

It 

|0. 053  976 

4*  193 953  J 

I 2.3485*5 

-0.332488  £ 

I -0.401*21 

1*1446*8 I 

1-0. 4571 26 

-0.232041  J 

I a 004130 

0.566168  1 

0.  Derive  the 

Characteristic  Equation  ami  lh< 

Latent  Roots  and  Vectors  of 

o..  - 

g 2.MISU 

-0*331448  j 

1 1 

|-o.40tm 

1.3446*4  | 

'i  * 

(-1  2.1UMSI 

8,  * 

1 0 

0.332444  I 

2 

1 -> 

2.344545  | 

'2- 

( 1 -3.497223 

3.03379C 

AUXILIARY  MATRIX  FOR  P* 


-0.1T3644 

-0.UI7’- 

0. 024*18 

1. W1W 
0.000173 
0.1UIU 

-0.0*4*11 


Cb*r»ri#natic  fcxjuaLoa: 

A2  -3.C97223A  * 3.033790-  0 

Latent  Hoots: 

A,  * 2.467916  . 


J 2.  167916 

5 1 


A2  * 1229278 


1.229278  | . 


< m 


2.467944 

0 


0 

1.229278 


0. 2941 34 
-0.1072*7 
-0.O92S71 
0.000171 

mmmmrxirnrmmmm 

-0.0454*1 
-0. 091*74 
0. 000171 


0.14212 1 
-0.049303 

-6.W4S1 

0.322667 

-0.054136 

0.134994 


B2L 


33*4*8 

19361 


0. 3324481 
1. 119107 1 


OOuOOO 

-0.3S8993 


0.2970441 

l.o^coooj 


Here  S*  represent*  the  coo venUonali led  main* 
of  latent  vector*  of  Q\  \ . 

9.  Compute  the  Matrix  Z 


• • 

ZiQ  S - 


Check:  S A- 


1 2.447944 

0. 365 1 54 

Lo. 445973 

1.22  *278 

1-0.37,825 

•a  367*29 

|-0. 195120 

0.564543 

| 2.467946 
1-0. 88S975 


0.36S1SSI 

1.22927*1 


The  first  two  rows  of  Z are  is  satisfactory  agree- 
ment with  S*A. 

10.  Compute  and  Conventionalize  the  Matrix  V. 
Coefficients  of  fke  Discriminant  Functions 


J Z 


2.344381 
-1.078317 
-0.373825 
jj  -0. 195120 

1.000000 
-0.459958 
-0.1S9456 
-0.093229 


0.346078 

0.990713 

-0.367829 

0.568583 

0.349322  F 

1 000000  I 

-0.371277  j 
0. 573923  J 


The  first  column  of  V represents  the  coefficients 
of  the  first  discriminant  fun c lion;  the  second 


column,  the  coefficient*  of  the  second.  The 
matrix  V wan  computed  from  J 7 by  dividing 
each  column  by  its  largest  element. 

11.  Verify  Jtesnfle 

Before  proceeding  to  the  numerical  evaluation 
of  the  dkaentmaent  fractions  for  ia  dividual 
atudeata,  the  vectoce  should  be  tented  age i out 
their  analytical  definitions.  To  this  and  we  com- 


pete AV#  1V#  a tid  WVA,  comparing  the  latter 
with  Ue  first.  Then  we  coaptta  V'AV  and  V'lV 
to  check  the  yaairiliag  of  tho  off-ca  agonal  term*. 
Finally  we  tett  the  latent  roots  by  tritiag  the 
quotients  of  corresponding  diagonal  elamenta  of 
V'AV  and  V'lV.  It  will  be  seen  that  to  the 
number  of  figure*  carried,  ail  of  these  testa  are 
satisfactorily  met. 


AV  «- 


wv  - 


wvA-  wv 


v'av- 


v Vv  - 


4.906I7S 

•053976 

•1.30S16C 

-.657741 

• 0SJO76 

4.193953 

-2.113949 

.264608 

•I.30616S 

-2.313*60 

1.404709 

.026039 

*.657741 

.2*4400 

.024039 

.105902 

5. 1443  4S 

1.975275 

•1.S2S129 

5.223754 

m 

-.500571 

•3.3S247S 

-.791407 

.095999 

S 2.511593 

.9S4IM 

.151910 

-.436128 

M445I 

3.907592 

-.666340 

.151910 

•1.052430 

S.  107310 

.298423 

J *.456124 

-*664A60 

.293423 

1.7391  IS 

2.094473 

1.525512 

-.6191 99 

4.249445 

* 

-.202919 

-2-777192 

-.32:0*0 

.069876 

1 3*467946 

0 I 

5144347 

1.875279 

1 ° 

I. 229271  | 

•1.579125 

5.223749 

m 

-.500571 

-3.357477 

-.793408 

.085997 

1 1.000000 

-.439959 

-.169454 

.083229 

I .14932a 

1.000000 

-.371277 

.573913 

1 5.993013 

-.00001 0 

j -.000011 

7.172876 

1 2.42X139 

-.000003  I 

| -.000003 

S.9349S6  | 
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'9*3.00 


- .344794 


.24479$ 


Eleaeats  of  V#AV  and  V'WV 

r*»<  Qmtiml  - 2.447947  Aj  » 1 447944 
S4c— 4 0— o— i ■ Aj  * i.imrt 


12*  Computation  of  Discrimimmt  Function  Scorn 
for  Each  Student 

^9  diecriaiiaaml  (notioM,  hereafter  referred 
lo  mm  V|  iid  Vj,  win  mtuUd  for  tack  itvdiit 
The  aaanrical  e<pdveleata  of  V*V  aad  VTV 
waro  competed  from  the  iedieidaal  valeeo  of  tka 
dbcriaiaul  fmactioaa.  Tka  raaalu  ara  akowa 
below* 


1 5993.00 

-aoil  j 

1 -0.01 

7 172*69| 

lui  43.34 

-o.oa| 

| -0.08 

56349.41 1 

Tka  ratio#  of  Ike  <fiagpoal  donee  t a oi  these  tar 
on  trice  a a^pae  vary  well  wick  tka  correapoadiag 
latent  root  a,  acoooat  beiag  ukaa  of  tka  (actor  of 
tea  aa  pravioaaly  exp  leaned. 


34263.36 


7172.49 

604941 


.122924 


A2  - .122929 


11  Diajom  of  Individual  Discriminant  Function 
Scorns 

V)  aid  Vj  war  a depict  ad  a a Borises  tal  md 
vertical  area  of  roclangdar  coordinate  a aad  tka 
two  valaaa  lor  each  a tad**:  ware  plotted  aa  a 
poiat  ia  tkia  plea  a.  Tkaaa  poiata  fcava  beae 
plotted  ia  a diffareat  color  lor  oack  groop  md  are 
akowa  ia  Figaro  11  (Appoadlx  O;  gvoep  1*  tka 
aociai  rdakoee  ooacaetratara,  by  groaa  poiata; 
groap  2»  tka  ecoaooucs  ooacaatratora,  by  black 
poiata;  aad,  gpoep  3,  tka  go  wan  eat  ooacaa- 
trstore,  by  rad  poiata. 

Son  a da  atari  ag  of  tike- colored  poiata  and 
eeauoida  nay  be  oboarrad  ia  Figaro  11  (Appao- 
dix  C).  Tkia  aaggaata  tka  poeaibility  of  pro- 
**•«  giidaaca  ia  Odd  of  ooaceatr*ioa  ao- 
I actio*  by  naaaa  of  tie  bar  Rader  rreierraev 
Record  score  a.  However,  tbe  amooat  of  overlap 
ia  tka  tkree  bivariate  diatribotioaa  ia  die  atea  tka! 
sack  gaidaace  would  not  be  vary  accurate* 
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APPETOU  B 


USE  Oir  MULTIPLE  DISCRIMINANT  FUNCTIONS  IN  THE  OBJECTIVE  MEASUREMENT 
OF  MOTIVATION  AND  TEMPERAMENT* 

Dr.  Phillip  J.  Rmlon 


iiecause  the  time  is  ratW  short,  1 shall  say 
only  three  things,  sad  1 ahas*t  elaborate  on  a ay 
of  them  on  leas  there  are  questions  some  of  yoa 
vast  to  ask  about  none  of  thek  fstsils* 

First,  1 want  to  disctma  a little  e lane  alary 
geometry.  Lei  mm  start  with  aa  on  Unary  scatter 
diagram  as  employed  is  aero-order  correlation* 
To  simplify  tbs  diagram  we  will  aot  present  the 
separate  entries  or  tallies  in  the  scatter,  bat 
only  aeo  of  the  rcgtcjs 

Fig.  1). 

FIGURE  1 


TEST  2 


Thia  picture  shows,  the  a,  tbs  scores  earned 
oa  two  tests  by  a group  of  Individuals*  lie 
plane  of  the  diagram  is  called  the  test  apace  and 
since  there  are  two  teste,  tbs  space  is  two- 
dime  ns  lo  sal* 

Several  things  cam  be  done  with  much  a pon 
trayaL  One  of  these  is  the  translation  and  ro- 
tation of  axes  so  that  the  origin  of  the  coordinate 
m mi  wotfvid  of  the  scatter  aod  the 
directions  of  the  coordinate  axes  correspond  to 

*TW«  wpirf  (•  part  *f  H—m  litwrc«t  CwUr 

Cnfrtw  Rtpmt  ll-J  ($,  n St-9S). 


ths  slopes  of  the  major  and  mbs  axes  of  the 
Uo»frsqsency  ellipse*  Figare  2 shows  tbs  re* 
salt  of  aach  a translation  sad  rotation* 

FIGURE  2 


TEST  1 


This  sort  of  rassrasgsmsat  of  tbs  portrayal 
has  been  employed  systematically  »»  factor 
analysis,  and  I want  to  talk  about  soma  thing 
alas*  If  this  scatter  show*  tbs  scores  of  a poup 
of  doctors,  1 will  add  the  res  alts  of  giving  the 
same  two  teats  to  s group  of  lawyers.  Tbea  we 
have  two  scatters,  each  re  presetted  by  so  iso- 
frequaucy  cootos  aa  in  Fig  me  3. 

la  Figsrn  i 1 bars  sketched  in  tbe  elliptical 
axes  to  show  roughly  the  same  factor  pattern 
among  tbe  lawyers  an  among  tbs  doctors*  In  this 
situation  it  is  transparently  obvious  that  the 
factor  pattern  does  not  distinguish  between  the 
doctors  and  tbe  lawyers*  It  is  almost  as  clear 
that  so  amount  of  rotation,  translation,  or  other 
transformation  procedure  applied  first  to  the 
Hortnr*  mmA  *V*  tryr.rc  ever 

cooper  is  ois  between  doctors  and  lawyers*  If 
someone  asks  whether  It  is  Tent  1 or  Test  2 
which  bert  distinguishes  between  doctors  md 
lawyers,  we  will  never  be  able  to  answer  boo 
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FIGURE  3 


FIGURE  4 


TEST  I TEST  2 


DOCTORS 


any  correlation  study  of  t he  doctors*  scores,  or 
any  correlation  study  of  the  lawyers*  scores, 
or  s my  rnmpariari  between  sock  carrs  Let  loo 
studies. 

that  1 have  said  refers  to  two  teats,  but  It  is 
just  as  tree  If  we  have  gives  5 or  12  or  any  other 
number  of  teats.  No  factor  analysis  of  doctors* 
scores  Iron  17  testa  will  tell  which  of  those  17 


DOC  TORS 


tions  of  the  groups  onto  the  line.  Clearly  the 
aba  pea  ot  these  <i  is  trio  at  iocs  depend  span  the 
slope  of  the  Ha*.  This  csn  be  sees  by  com* 
paring  Figve  4 with  Figve  la  which  the 
latter  distributions  on  the  line  overlap  each 
other  and  a how  a lot  of  scatter  in  each  distri- 
but  ion. 


are  dieting?  taking  bn  twee  a doctors  and  lawyers 
or  bstwt  i doctors  and  any  other  gronp  whose 
scores  w e sot  entarsd  is  the  analysis.  To 
make  this  clear  beyond  persdvaatore  of  a doubt, 
let's  look  back  at  Rget  2 where  the  doctors* 
scores  have  been  factor  analysed.  Is  this  figve 
there  {•  nowhere  any  iaformatios  a bo  at  lawyers, 
and  yet  all  the  infonsatioa  necessary  far  factor 
analysis  of  doctors*  scores  is  there. 

9hen  we  come  to  the  a it  oat  ion  shown  is  Fig- 
ve 3 where  we  do  have  data  oo  both  doctors  and 
lawyers,  ws  ignore  the  difference  between  Fig- 
ve 2 sad  Figve  3 If  we  propose  correlation 
stadias  In  the  separate  poops  as  s way  of  study- 
ing the  differences  between  th*  groups. 

The  way  to  study  tbs  differences  between  the 
poops  is  terms  of  tbs  teats  given  them  Is  to  use 
the  Fisher  discriminant  function.  In  the  case  of 
two  poops  there  is  os**  degree  of  freedom  be- 
tween poops,  and  the  discrimination  can  be 
shown  b one  dime  ns  ion -that  is,  os  a straight 
line.  Let's  draw  a line  on  Figure  3 and  study 
the  projections  of  the  scores  oo  that  Hoc  (see 
Figure  4). 

On  this  added  sloping  line  1 have  sketched  a 
pair  of  normal  univariate  distributions  to  abow 
tha  distributions  (along  tbe  line)  of  the  projec- 


F1GURE  5 


TEST  2 


Apparently  there  will  be  one  alope  for  tbe  line 
where  tbe  two  poops  are  most  clearly  separated. 
Figve  4 shows  a mare  nearly  optimom  rlope  of 
tbe  Hue  than  Figure  5 does.  Tbe  optimal  slope 
is  where  the  separation  of  the  poups  along  the 
line  la  a maximum  compared  to  the  variance  with- 
in the  group  a,  tbe  latter  variance  also  belnc 
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FIGURE  f> 


F1CURE  7 


v-< 


r, 

I 
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*M«td  along  ike  line.  Tke  F inker  dkcriei- 
lent  lactioi  gives  tkt  projections  rvben  ike 
line  is  optimal  If  oriented* 

We  have  disc r»*ed  tke  case  for  two  tests* 
Bet  if  ike  doctors  sad  lawyers  were  gives  5 or  12 

« mar  uiSior  oowot  uf  m«ui * i a*  |TOomed  is  uie 

ssroev  end  so  is  tke  solution®  V 17  tests  sre 
gives*  tke  scores  form  two  swarms  is  17— space* 
«od  we  kave  to  orient  a line  in  tkat  space  In 
suck  s wny  tkat  tke  projections  onto  it  form  two 
univariate  distributions  with  maximum  separation 
compared  to  tke  iateraal  variances® 

All  this  kaa  coacerasd  two  poupe*  aa  for  ex* 
•■pi®*  doctors  sad  lawyers®  If  a poap  of  esgi* 
seers  is  added*  there  sre  two  degrees  of  free- 
dom between  goi^t*  ssd  to  represent  these  tke 
poops  swat  be  projected  onto  a plans  instead 

of  onto  a line®  If  1?  testa  are  gives  to  the 
poops*  tke  problem  is  to  orient  s plane  is  tke 
17-Space  Is  suck  a way  as  to  maximise  tke 
separation  of  tke  bivariate  dlatrfbstloos  of  tke 
projection  oo  tkat  plane®  Tke  aeparatloe  la  to 
be  maximized  aa  compared  to  tke  withia  poops9 
variance*  of  coarse®  Figures  6 sad  7 show  two 
possible  outcomes  of  suck  ao  analysis® 

These  figures  are  sot  to  be  confused  with 
Figures  3-5  which  showed  distributions  it  tke 
tcet  space*  Figures  6 and  7 show  distribution* 
is  the  discriminant  specs*  which  for  three  poops 
is  a plane  oriented  in  tke  (say)  17-apace  for 
17  testa®  Tke  plane  of  Figure  6 is  analogous  to 
tke  sloped  line  is  Figures  4 sad  & So  la  tke 

plane  C-  *?k!ck  FjgfW  7 U /trawn . Flrt#p  6 

shows  the  outcome  when  tke  lasts  discriminate 
pretty  well  between  tke  poops;  Figtre  7 shows 


what  cornea  out  whan  tke  testa  do  sot  die  fried 
sate  tke  mrtsmrm  s«*  «*IL 

if  there  me  fov  poops, tke  dfacrimiaant  specs 
bee  three  d ism  as  loss*  and  in  general  if  there  s-m 
C poops  the  discriminant  space  will  be  of  G-l 
diornaiooa®  So*  for  nay  n maker  of  poops  taking 
any  number  of  testa*  tke  problem  fa  tbs  seme 
except  for  tke  dimensionalities  of  tke  relevant 
apace  a® 

Tke  details  of  this  extension  to  C poops 
taking  T lasts  are  not  particularly  appropriate 
for  alaborat^oa  at  tkfa  time,  and  1 will  go  on  to 
tke  second  thing  1 waifted  to  say*  which  fa  some- 
thing about  tke  Implications  of  all  this  for  tke 
problems  raised  at  tkfa  conference®  Bate  ltnoe 
aosMthlag  of  a spot.  If  oea  fa  salted  to  any  what 
multiple  correlation  la  good  for*  bs  may  properly 
reply  tkat  it  fa  useful  in  all  aorta  of  ways®  It  in 
tke  same  witk  the  multiple  discriminant  analysis. 
It  is  good  for  lota  ad  lota  of  things.  la  general* 
it  is  tke  tsckniqne  of  choice  whenever  we  ere 
concerned  witk  relationships  between  qualitative 
and  quantitative  variables. 

In  the  case  of  tke  doctors  and  lawyers  tke 
vocation  of  the  individual  fa  a qualitative  vari- 
able. A mo 'a  "score"  oa  profession  is  either 
"Doctor99  or  "Lawyer"  and  tkfa  is  n non- 
quantitative  matter.  On  tke  otW  band  tke  teat 
score  earned  by  tke  erne  individual  fa  a qaaati- 

t At tv*  urnr# . Fvm  if  it'a  {>'■ 

quantitative  in  essence*  inasmuch  aa  "pMa" 
is  better  than  "fail*"  while  "Lawyer"  fa  not 
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FIGURE  8 


FIGURE  9 


MONEY 
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SECVWTY 


SELF 
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regarded  u a better  score  than  ,#Doctoc"  or  "Eo- 
giaeer,"  aa  a vocadoa  score* 

Diring  thb  co  afore  ace  a number  of  apoakara 
have  discussed  problems  which  iavolva  noo- 
quantitative  variables*  Tha  occupations  or 
specialties  la  which  the  importance  of  motivation 
has  beam  emphasised  are  examples  of  sou-quanti- 
taiive  variables*  This  la  fairly  clear*  Bat  am 
other  and  eqaally  caatral  variable  b tha  type  of 
motivation  cr  temperament*  Probably  all  tha 
temperament  type  a f like  all  the  job  specie  hie  a, 
caa  be  regarded  aa  qualitative  categories  aid 
treated  with  tha  statistical  techniques  appropri- 
ate to  each  varbblee*  la  tha  case  of  amtivatioo, 
we  may  appear  to  have  quaatitalhra  variables, 
iausbck  ee  a worker  mm y be  acre  motivated  or 
baa  motiveted-e  quantitative  matter* 

Uowavar,  even  ia  thb  caaa9  the  actual  human 
behavior  imy  be  forecaat  asd  coa trolled  by  re- 
garding motivation  aa  a qualitative  variable* 
That  i am  tabbing  about  m iha  pmuilii*  of  • 
44  dominating  drive.*1  A maa  aay  work  eagerly  for 
aay  of  a a amber  of  roasoaa*  Ose  aaa  may  be 
motivated  by  desire  for  mosey,  another  by  pres- 
tige, another  by  desire  for  power,  another  Sy 
seed  for  affection  or  appreciation,  and  another 
by  desire  for  security*  The  extent  to  which  each 
of  these  ia  effective  in  any  Individual  may  yield 
« motivation  profile,  in  which  the  height  of  the 
point  on  each  stalk  ia  proportional  to  the  ef- 
fective seas  of  thb  drive  i:i  determining  the  be- 
havior of  the  individual*  Tboa  so  individual  may 
loos  like  the  profile  in  Figure  8f  in  which  ap- 
parently the  desire  for  money  ia  predominant  in 
effectiveness*  h b possible  that  such  persona 
form  a distinguishable  class  whose  members  are 
dominated  by  the  money  motive*  in  that  case 
the  dominance  score  far  these  people  would  be 
"money11  rather  than  "security"  or  "affection.** 
Thus  the  motivation  scare  becomes  qualitative. 


asd  the  statistics  for  u^ ordered  classes  become 
appropriate  b study  lag  the  traits  and  behavior 
of  tbeaa  people* 

1 have  a suggestion  cr  two  for  research  pro- 
jects related  to  these  questions  bat  i intended 
me* taming  them  usd*  the  third  section  of  thb 
presentation*  Before  leaving  thb  second  section 
l9d  like  to  point  out  an  application  of  another 
sort*  Dt.  Kelley  has  proposed  s measure  of  how 
well  an  Individual  qualifies  for  membership  in  a 
poup*  lb  calls  kb  meas me  “sib  fit  variance* 
and  so  it  msaamus  mbfit,  rathe r thaa  fit;  hot,  of 
cows*,  that  b so  difficulty*  l>.  Kelley  plots  a 
poop  on  a profils  chart,  which  b a simple  case 
coo  id  have  just  two  stalks  like  the  one  in  Fig- 
tre  9,  for  doc  toes* 

Naw,  an  individual  is  me ■ sired  on  the  two 
traits  and  bis  profile  Is  plotted  on  iHe  mim 
chart,  as  in  Figure  10* 

FIGURE  10 


If  now  we  denote  the  dberepanebe  by  x nod 
y,  os  in  the  figure,  we  can  compute  the  quantity 


x2  4 y%  aod  if  the  value  la  large,  i he  individual 
doesn’t  fit  th<9  group*  If  the  individual  pro- 
file exactly  fitted  the  group  profile,  then  d^ 
• * + y^  would  he  aero.  First  let  us  remark 

that  this  is  really  a sum  of  squares,  and  not  a 
variance  in  the  Psarsoaiaa  sense,  because  first 
the  discrepancies  do  not  total  aero,  and,  second, 
there  is  no  division  by  N* 

I will  try  to  show  that  under  certain  conditions 
this  misfit  sum  of  squares  is  s very  rational 
measure*  Let  me  show  this  profile  In  s more 
logical  form*  In  Figure  11,  1 have  transcribed  as 
well  as  1 could  the  distances  shown  in  Figwe 
HI  And  it  Is  clear  in  Figure  11  that  ■ it  ♦ 
y^,  by  the  Pythagorean  Proposition.  Also  U is 
clear  that  d is  the  distance  from  the  individual 
to  the  doctors’  centroid*  Thin  is  true  oniy  when 
the  traits  are  plotted  orthogonally.  And  it  is 
meaningful  only  when  meaning  can  he  attached 
to  x and  to  y.  Dk.  Kelley  baa  covered  both  these 
provision a in  bis  proposed  use  of  the  concept, 
and  1 need  only  caution  otners  to  do  likewise. 
Otherwise,  :he  misfit  sum  of  squares  computed 
from  an  irrationally  set-out  profile  chart  may 
yield  qnite  irrational  and  even  misleading  re- 
sults. 

F1GWK  11 
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In  leaving  this  for  other  matters,  i will  add 
only  that  the  same  sum  of  squares  has  the  same 
meaning  when  more  stalks  appear  on  the  profile* 
We  have  then  merely  mere  dime  unions  in  the 
Cartesian  apace  and  (be  square  ot  the  etam 
distance  is  still  given  by  the  sum  of  squares  of 
discrepancies*  And  this  distance  has  meaning 
only  ia  terms  of  the  meanings  of  the  discrepan- 
cies. 


S 
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The  multiple  discriminant  analysis  derives  a 
set  of  dimensions  (or  profile  stalks)  on  which 
two  or  more  (poops  may  be  most  clearly  differ- 
entiated in  terms  of  their  profiles,  or  equivalent- 
ly In  terms  of  their  locations  in  the  discriminant 
apace* 

The  third  thing  1 want  to  talk  about  is  specific 
research  on  motivation  and  temperament,  employ* 
iog  the  type  of  analysis  I have  sketched*  I s m 
convinced  that  U is  possible  to  employ  tempera- 
ment characteristics  In  the  management  and  con- 
trol of  workers,  and  make  use  of  the  various 
motivating  influences  upon  human  behavior,  if  It 
is  only  possible  to  find  out  what  sort  of  teepers- 
meot  a worker  has  or  what  motivates  his  be- 
havior. Abo  it  b possible  to  find  out  these 
things,  but  only  by  very  time -coos  timing  and  ex- 
pensive techniques,  such  as  by  indWidoal  case 
atady,  Interview  techniques,  follow-up  studies, 
and  cl  laical  methods. 

On  the  other  hand,  once  these  types  are  iden- 
tified in  terms  of  the  Itibrl&zsi'z  temper- sse ate 
and  the  workers  are  sorted  into  temperament 
gyoups  we  can  validate  a large  smasher  of  much 
less  expensive  group  teats,  bio^wphicai  inven- 
tories, preference  bbnks,  sod  the  like,  using  the 
multiple  discriminant  technique  here  in  much  the 
name  way  the  multiple  correlation  techniques 
were  employed  in  the  staaine  business* 

1 should  like  to  ur^e  such  a project*  If  we 
know  that  a plumber’s  eagerness  is  ascribsble  to 
hb  desire  for  sppreebtion  of  a job  well  dons, 
then  we  ksow  how  to  maintain  hb  eagerness*  if 
£;•  electric  ins  ia  eotivsted  by  desire  for  money, 
then  we  can  teil  bow  to  motivate  him.  Th* 
plumber  and  the  electrician  may  have  equal  cri- 
terion scores,  one  in  plumbing  and  the  other  in 
electricity.  But  ebey  may  have  quite  differs  at 
motivations  and  temperaments,  and  it  is  these 
different  motivations  that  we  most  nse  to  main- 
tain enthusiasm  and  proficiency  on  the  job*  Aod, 
of  coarse,  two  carpenters  (or  two  plumbers,  or 
two  electricbns)  may  bath  be  proficient  and 
dependable  but  for  quite  different  reasons  of 
motivation  and  Uapcrnmest*  We  might  lo  know 
this. 

A project  should  be  undertaken,  in  which  tem- 
perament groups  are  identified  by  whatever  ex- 
pensive and  time-consuming  methods  are  neces- 
sary lu*  ;hU  sectisg,  end  *h"«  « battery  of  much 
leas  expensive  me  a a ere  a validated  to  accoroplbh 
this  same  classification  job  in  a practical  way. 

Then  we  would  know  what  makes  Sammy  run, 
aval  how  to  make  him  run  if  we  want  him  to* 
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Figure  5.2 

Comparison  of  Discriminant  Score  Distributions  and  Normal 
Distributions  of  Same  Mean  and  Standard  Deviation 

Group  B-  Clerk-Typists  (N«I966) 
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Figure  5.4 

Comparison  of  Discriminant  Score  Distributionsand  Normal 
Distributions  of  Same  Mean  and  Standard  Deviation 

Group  D- Aircraft  and  Engine  Mechanics  (N*2083) 
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Figure  5.6 

Comparison  of  Discriminont  Score  Distributions  and  Normal 
Distributions  of  Same  Mean  and  Standard  Deviation 

Group F-  Weather  Observers  (N*266) 
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Figure  5.7 

Comparison  of  Discriminant  Score  Distributions  and  Normal 
Distributions  of  Same  Mean  and  Standard  Deviation 
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Figure  5.9 

Gaussian  Contour  Ellipses  of  each  Group 
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Figure  7.1 

Centroids  of  Discriminant  Distributions 
for  All  Groups 
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SECOND  DISCRIMINANT  FUNCTION 


Figure  2.1 

THE  INDEPENDENT  LINEAR  COMB»^TIONS(DISCRMNANT  FUNCTIONS) 
OF  FOUR  OBSERVATIONS  WHICH  PROVIDE  MAWMUM 
DISCRIMINATION  AMONG  THREE  GROUFS 
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